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EDITOR'S NOTE

This FY 88 Annual Progress Report is a general review of research
activities of the U.S. Army Medical Research Institute of Infectious Diseases. Fort
Detrick, Frederick, Maryland. conducted on Medical Defense Against Biological
Warfare Agents (U) under Projects 3M162770A870. 3M263763D807,
3M463750D809, 3S464758D847,3M162770A870, and 3M 162770A871.

In conducting the research described in this report, the investigators
adhered to the "Guide for the Care and Use of Laboratory Animals," as

promulgated by the Committee on Care and Use of Laboratory Animals of
the Institute of Laboratory Animal Resources. National Research Council.

The facilities are fully accredited by the American Association for
Accreditation of Laboratory Animal Care.
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Commander's Foreword

The United States Ariny Medical Rescarch Institute of Infectlous Diseases
(USAMRIID), a Department of Defense reference laboratory for disease agents of
biclogical origin, has as its mission the medical defense of U.S. Armed Forces
against biological warfare threats, as well as naturally occurring toxins aud
infectious agents of military importance that require special containment. To
fulfill this mission, the USAMRIID staff develops strategies, products,
information, procedures. and training in pursuit of effective countermeasures to
potential biological threats. The countermeasures include vaccines, drugs,
diagnostic reagents, and medical management methods to reverse or minimize the
effects of a biological attack or an endemic disease and to preserve fighting
strength.

USAMRILD's mission has expanded over the past four years, as mandated
by the Vice Chief of Staff of the Army. This expansion comes as a result of
Department of Defense recognition that the threat, and the necessity of an
effective defense, demand immediate attention, effort, and resolve.

With the signing of the Intermediate-Range Nuclear Forces Treaty, and
the current increased focus on both sides of the Atlantic on a chemical weapons
treaty, there are many who be!ieve that protection against biological warfare
threats is becoming more important than ever in our contemporary history. The
evidence has been mounting since 1976, when we received the first reports of
use in Southeast Asia of the unknown toxic substances that were called "yellow
rain." The most recent reports of use of chemical weapons come from
Afghanistan and Iran. In fact, Valentin Falin. Director of the Soviet Press
Agency Novosti, and numerous Soviet scientists have stated in open fora, such as
the Annual Meeting of the American Association for the Advancement of
Science, that the Soviet government will not endeavor to win a missile or
conventional arms race with the U.S. They will, they state, use "asymmetrical
means .... an example could be genetic engineering..." as they deem necessary.

We are gravely concerned that we will soon see proliferation of offensive
biological warfare programs, as we have with chemical weapons programs, and
limited weapon production by hostile states within a few years. In view of the
Sverdlovsk incident in 1979, the alleged use of mycotoxins in southeast Asia and
of chemicai agents in Afghanistan and Iran, there is no doubt that increased
emphasis on medical defense against biological warfare is needed.

USAMRIID's leadership role and its reputation in biological defense
research are also extensive and highly visible internationally. USAMRIID
coordinates formal medical defense measures with the North Atlantic Treaty
Organization countries and member nations of The Technical Cooperation
Program. The Institute is also consultant on biological defense programs for
several other allied nations. Each year the Institute receives requests from
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talented postdoctoral candidates to spend time in the laboratories of
internationally recognized USAMRIID investigators. In FY 88, USAMRLID hosted
National Research Council postdoctoral fellows from the United Kingdom. the
Republic of Korea, India, France, Sweden, and the People's Republic of China.
The Institute also welcomed visiting scientists and dignitaries from counterpart
organizations in the United Kingdom. the Federal Republic of Germany, the
People's Republic of China. the Republic of Korea, and Sweden. By special
request from the United States National Academy of Sciences. and with approval
from the Department of Defense, a delegation of scientists from the Soviet
Academy of Sciences visited USAMRIID in the spring of 1988.

In the event of war, USAMRHID would continue to be the lead U.S.
laboratory for medical defense against BW threats, and, with other Army
commands, would take action to: i) ascertain the nature of any suspected BW
attack, ii) identify the disease-causing organism or toxin, iii) provide
recommendations for rapidly implementing treatment, and iv) prevent
additional casualties by vaccination or prophylactic drugs. USANffIRD's
proficiencies in performing these and similar tasks have been tested and proven
many times over in civilian ard military emergency situations, for example: the
outbreak of Korean hemorrhagic fever in Okinawa-based marines who had been
training in Korea, the outbreak of eastern equine encephalitis that threatened
the whooping crane population at Patuxent Wildlife Preserve in Maryland, the
severe outbreak in 1988 of Rift Valley fever in west Africa, and the current
outbreak of hemorrhagic fever in Yugoslavia. In these examples, USAMRfD
scientists lead or are members of the specialized teams who pool expertise in
infectious diseases and coordinate successful efforts that result in rapid and
reliable diagnoses, and in some cases, countermeasures.

Defense Against Disease
Active immunization with vaccines is considered the ideal method of

disease prevention, and has been the most effective method for controlling
infectious diseases caused by conventional agents. Therefore, efforts in vaccine
development receive high priority. Moreover, it may be possible with genetic
engineering, to develop vaccines that can protect against an entire family of
disease agents.

To provide additional broad-spectrum protection against the viruses, an
antiviral drug development program was established in 1981. Through its
auspices, thousands of compounds per year are screened for antiviral activity
against a broad spectrum of exotic viruses. Research is also being pursued on
immunopotentiators to use in tandem therapy with antiviral drugs.

The development of a medical countermeasure to a threat has historically
been a long process, often requiring 14 years or more. Today, those research
techniques, known under the umbrella term "biotechnology," offer the potential
for reducing the total time required by four to five years. Biotechnology has
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been identified as one of the five major technology thrusts of the Army. These
techniques are being applied in all Institute research programs and include
recombinant DNA technology; DNA probes; manipulation of plasmids and
genomes; hybridoma and monoclonal antibody production; sequencing studies;
liposome microencapsulation technology; immunopotentiators and
irmmunomodulators, including interferons and interleukins; and enzyme
stabilization and immobilization techniques.

There is considerable importance placed on the rapid identification of an
etiologic agent and diagnosis of disease. The primary objective of this work is the
development of a small, deployable system capable of routinely producing
diagnostic results that ordinarily require complex laboratory procedures and
sophisticated equipment.

The Environmental Impact Statement
A two and one-half year study of the environmental impacts of the

Biological Defense Research Program ended in April 1989 with the publication of
the Programmatic Environmental Impact Statement, an exhaustively detailed
document that discusses the potential risks and environmental effects of
conducting research at the U.S. Army Medical Research Institute of Infectious
Diseases, the U.S. Army Chemical Research, Development and Enginc_,ring
Center, the U.S. Army Dugway Proving Ground, and rwore than 100 contractor
sites. The report acknowledges that there is potential risk involved in the
research, which requu-es the use of small quantities of infectious microorganisms
and toxins for the development of vaccines and diagnostics to protect soldiers
against disease. The risks are minimized, however, through training of personnel
in safe laboratory techniques, extensive and redundant containment systems
that prevent exposure of personnel or the environment to the research materials.
and full compliance with the standards for laboratory safety. "Biosafety in
Microbiological and Biomedical Laboratories," published by the National
Institutes of Health and the Center for Disease Control.

The National Cooperative Drug Discovery Group
In 1987 the Institute received a 1.3-million dollar per year continuing

annual grant from the National Institutes of Health (NIIl) to screen compounds
for antiviral activity against the human immunodeficiency virus (HIV).
USAMRm1D's unusual combination of scientific expertise in virology, knowledge
of drug discovery and evaluation, and experience in biocontainment research
have made the Institute an obvious and valued ally in the fight against AIDS.
This cooperation with the NIt! is exceedingly valuable in our efforts to discover
new drugs effective against potential biological warfare agents. because it opens
doors to large commercial inventories of compounds that might not otherwise be
accessible.

Under USAMRIID direction, the National Cooperative Drug Discovery
Group (comprising USAMRIID, the University of Arizona. the Southern Research
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Institute, and Technassociates Incorporated) was formed to conduct research on
HTV in cell culture systems to identify drugs that inhibit growth of the virus as
well as specific viral functions, such as that of IIIV reverse transcriptase.

The Drug Discovery Group has been successful: of the more than 50 drugs
screened this year for antiviral activity, we have identified three that have
antiviral activity in the murine AIDS model. One of these three has reached the
!tage where we anticipate that it can be ready for clinical trials in the near
future. We have shown two additional drugs to be active againsL H11v reverse
transcriptase in vitro, and have collected for testing over 150 drugs that have
been reported to show an antiviral activity in other test systems.

Artificial Intelligence and Expert Systems
The development and application of computer artificial intelligence (AI)

has opened new frontiers for the modification and manipulation of molecular
configurations of therapeutic drugs. Analogs of effective drugs are being derived
quite rapidly and more accurately than ever before. Once specific sites are
identified for intervention, therapeutic drugs can be designed to react at these
sites. For several years, we have given top priority to the application of computer
artificial intelligence to many aspects of medical research and development
programs, including vaccine and antiviral drug development and laboratory
instrumentation.

We are currently using Al technology to analyze satellite imagery of
vegetation growth, wh-ch is indicative of rainfall, in selected regions of Africa.
This ability to measure vegetation growth and to infer rainfall has enabled us to
predict mosquito activity in specific geographical areas, and thus, to predict
outbreaks of vector-borne disease.

High-Hazard Evacuation and Patient Containment
USAMRID has the capability of deploying a unique medical team to

evacuate patients under stringent isolation procedures. Such procedures are
essential for heAth care providers, and especially for patients who have, or are
suspected of having a bigh-hazard disease, such as a hemorrhagic fever. The
medical team places the patient in a transit isolator, which protects the patient
from the environment, and prevents contamination of the environment by any
infectious organism within the isolator, yet allows medical attendants access to
the patient through glove ports. All transfers from the field, to the means of
transport, to the patient isolation suites at USAMRIID, can be accomphshed
without breaking the containment barrier, and without risk of exposure.

USAMRfID and U.S. Air Force personnel maintain a high state of readiness
for evacuation team deployment in joint exercises. There are cooperative
quarterly fly-away training drills in which healthy volunteer service personnel
are transported in maximum biocontainment in arctic, temperate, tropical, and
desert climates.

vi
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Reference Laboratory
USAMRIID provides diagnostic services, diagnostic assays and reagents,

monoclonal antibodies, DNA probes, and a variety of vaccines, toxoids,
antitoxins, and antisera to federal, state, and local agencies, commercial
Grganizations. and foreign governments.

Public Awareness and Information
Insofar as is possible, USAMRIil) takes a pro-active stance on public

awareness of and education about the BDRP. This year the Institute was in the
public eye perhaps more than ever since its beginning in the 1960s. In addition
to the attention brought about by the suit that resulted in a settlement requiring
that an Environmental Impact Statement be published. USAMRIID stood as a
sentinel and example for safety in biological research through two Congressional
hearings. The first, in June. was before the Subcommittee on Postal Personnel
and Modernization of the Committee on Post Office and Civil Service. The
second, before the Senate Subcommittee on Oversight of Government
Management. was held in July. In both of these hearings, it was through
perseverance and testimony of the Commander of U$AMRUID that the record was
corrected and many false and irresponsible allegations laid to rest.

USAMRI)D continues to welcome many foreign visitors and dignitaries
within the framework of formal Memoranda of Understanding and Defense
Exchange Agreements, and in connection with individual research collaborations.
Visitors in 1988 included scientists from the United Kingdom, the Federal
Republic of Germany, the People's Republic of China. France, the Republic of
Korea. Sweden. Australia, the Netherlands and Brazil.

Vaccine and Drug Testing
We actively seek opportunities for large-scale testing in humans of proven

vaccines and the antiviral drug ribavirin. These initiatives have led to mutually
beneficial bilateral agreements with the People's Republic of China, the Republic
of Korea. Argentina. and the Central African Republic. Under the aegis of these
agreements, USAMIRIID is able to collect the clinical evidence of drug or vaccine
efficacy necessary for U.S. approval for its use, and, at the same time, aid
friendly governments in fighting endemic diseases that are serious public health
problems.

In conclusion, it should be emphasized that these products and
information, although generated for defense against exotic agents with biological
warfare potential, have broad application to both military and civilian medicine.
USAMRIID has established itself as a center of excellence that fulfills a unique
medical need by performing research on high-hazard agents that can be studied
only at a small number of laboratories in the world.
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PROJECT NO. 3M161102BS12: Science Base/Medical Defense
against BW

WORK UNIT NO. S12-AA-001: Basic Studies of Conventional
Toxins of Biological Origin and
Development of Medical
Defensive Countermeasures

PRIMCIPAL NVVESTIGATOR: J. L Middlebrook, Ph. D.

ASSOCIATE INESTIGATORS: R. Crosland. Ph. D.
J. Schmidt, Ph. D.
D. Leatherman

BACKGROUND snake postsynaptic toxins, ricin,
mycotoxins, and diphtheria toxin.

The biological warfare (BW) SU01MARY
potential of toxins has long been
recognized. The Army has had a re- Cross-neutralization tests were
search program directed towards the run with rabbit antisera and various
development of protective modali- protections were defined. Mono-
ties, primarily vaccines. The pro- clonal antibodies to pseudexin were
gram was drivea by a combination prepared. Two of the antibodies
of intelligence information and a neutralized the toxin. Several other
knowledge of which toxins were po- of the monoclonal antibodies cross
tent enough and could be prepared reacted with most elapid phospholi-
in quantities sufficient for delivery. pase A2 (PLA2) neurotoxins. Bind-
Basically, these considerations kept ing of taipoxin to PC-12 cells ap-
our list of candidate BW toxins pears to be mediated by a specific
rather short With the emergence of receptor for this toxin. The PLA2
molecular genetics as a real and toxins, pseudexin A and B, were
practical technology, the number of purified and sequenced. Epitope
potential threat toxins has become mapping of the pseudexins was be-
enormous. It is clearly impractical gun and their physical properties
to attempt to study each and every described. Assays for cross-reacting
toxin. Rather, a program has been material of botulinum toxin were
designed which is flexible enough to developed. The drugs chloroquine,
accommodate new threats rapidly, quinicrine, chlorpromazine, pri-
while developing information with macrine, and nicergoline were
representative toxins to build gen- found to protect mice from several
eral principles for protection. At PLA 2 neurotoxins and may be use-
present, we are studying botulinum ful in man. Emetine was found to
toxin, tetanus toxin, several snake block the binding of T-2 to target
phospholipase neurotoxins, several cells and its molecular mechanism

of action was defined.
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EGA Mechanisms of Action of Bacterial Exotoxins. Studies on
Botulinum Toxin.

'RINCIPAL INVESTIGATORS: J. L. Middlebrook, Ph.D.
D. Leatherman

elapid toxins. The cross reactions
During the past year, we fin- are now being defined in detail, al-

ished up the work on rabbit antisera though preliminary results suggest
and PLA2 neurotoxins and estab- that these lines will be very useful
lished their serogroups. This infor- to detect practically all elapid PLA2
mation has been turned over to an- toxins.
other scientist in the department In the search :-r cell lines which
and she is now establishing the de- might be suitable for molecular
tection tests for handoff to fielding mechanism of action studies, we ra-
agencies of the Army. We also in- diolabeled three PLA2 neurotoxins
vestigated the cross-neutralizing ca- and studied their binding to PC-12
pabilities of the various antisera nerve cells. One of them, taipoxin,
and obtained some interesting re- exhibited features of binding that
sults. While not yet complete, our appeared like receptor-ligand inter-
data support the concept that it actions. The binding was of high
should be possible to develop vac- affinity, saturable, specific, and re-
cines that will protect from several versible. None of the other PLA2
toxins in a given serogroup. For ex- toxins blocked the binding, while
ample, the antisera to crotoxin neu- unlabeled taipoxin did. These and
tralized three other PLA2 neuro- further studies encouraged us to be-
toxins in the serogroup, vegrandis, lieve we identified a cell system
Mojave, and concolor toxins. Like- that should be very useful in defin-
wise, antisera to taipoxin, notexin, ing the mechanisms of action of
and Naja naja atra PLA2 , three taipoxin and possibly other PLA2
toxins in the elapid serogroup, cross neurotoxins.
neutralized textilotoxin, a fourth Phage DNA from Clostridium bo-
member. We intend to fully ana- tudinum type C was obtained and our
lyze the possible cross neutraliza- oligonucleotide probe was used to
tions and to apply this information prove that the structural gene for the
towards efforts to develop cross-pro- toxin is on the phage.
tective vaccines. During the past year, we con-

Monoclonal antibody work con- tinued to investigate the molecular
tinued with considerable success. A mechanism of the interaction of T-2
battery of 15 lines was developed mycotoxin with its ribosome recep-
against pseudexin, two of which tor in intact cells. In previous stud-
neutralized the toxin and most of ies conducted in this laboratory,
which cross reacted with other numerous drugs were evaluated for

4



their effects upon T-2 toxin associa- return to maximum levels of toxin-
tion with mammalian cells. One of cell association was significantly ac-
the drugs tested, emetine, signifi- celerated when the post-wash
cantly reduced T-2 toxin cell-asso- medium contained puromycin,
ciation by a process that appeared to which causes extensive breakdown
be non-competitive. Because T-2 of polyribosomes with a romplete
toxicity ( as measured by inhibition release of nascent peptides. In bind-
of protein synthesis ) is proportion- ing studies with ribosomes isolated
ately dependent upon the extent of from CHO cells, emetine failed to
toxin-cell association, any agent that compete for T-2 binding to its ribo-
inhibits the association of toxin somal receptor. However, T-2 bind-
with cells is of considerable inter- ing to ribosomes prepared from
est. The objective for the preceding emetine-pretreated CHO cells was
year has been to determine the pro- reduced 60% below the binding ob-
cesses that are responsible for eme- served with ribosomes isolated from
tine-induced inhibition of T-2 non-treated cells. These data suggest
toxin-cell association. The results that the emetine-induced reduction
are summarized below, of T-2-cell association represents a

Emetine is an alkaloid drug reduction in the number of accessi-
which stabilizes translating ribo- ble binding sites as a result of the
somes by inhibiting the elongation- drug's action upon polyribosomal
termination stages of protein syn- populations in eukaryotic cells. The
thesis. This results in an accumula- reduction in toxin association with
tion of polyribosomes in intact cells containing emetiae-stabilized
mammalian cells. Pre-exposure of polysomes is consistent with the ob-
Chinese hamster ovary (CHO) cells servation of diminished toxin affin-
to emetine resulted in a 60 - 80 % ity for its site on polysomes in cell-
reduction in the association of T-2 free systems.
toxin with the cells. Binding To confirm these observa-
isotherms for T-2-cell association tions, procedures are needed for
showed saturable curves for both evaluating polyribosomal popula-
emetine-treated and non-treated tions from mammalian cells and
cells. Scatchard analysis of these correlating polysome profile data
data showed a reduction in the with toxin-cell association data.
number of binding sites after eme- These procedures are presently un-
tine exposure from 1.5 x 106 der development and are being
sites/cell to 5.6 x 105 sites/cell. The adapted to meet the specific experi-
emetine-induced reduction of T-2- mental requirements of this project.
cell association was time-, tempera- Preliminary data from these corre-
ture-, and concentration-dependent. lation studies are encouraging and
Upon removal of emetine by wash- completion of this project is antici-
ing, its effect upon toxin-cell associ- pated in 3 months.
ation was completely reversed. The
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MEGH Protein Chemistry and Structure-function Studies of
C2ostridium botulinum Neurotoxins

PRINCIPAL INVESTIGATOR: J. Schmidt, Ph.D.

In other work on pseudexins, I
In an effort to purify further investigated the binding of anti-

the mixture of PLA 2  isoenzymes pseudexin monoclonal antibodies to
called "pseudexins," I chromato- native versus denatured pseudexins.
graphed peak V (from fractionation Monoclone numbers 3, 8, and 9
of crude venom on a mouo-S bound to native pseudexins A and B
column) in reverse-phase HPLC on a on a nitrocellulose blot, but not to
C18 column with gradients of reduced/pyridylethylated pseudex-
TFA/acetonitrile. With this system, ins. Moreover, none of the above an-
the individual isoenzymes were tibodies bound to the toxins on a
recovered in pure form, and it was western blot (i.e. toxins were re-
also revealed that the mixture duced, subjected to sodium dodecyl-
actually consisted of three proteins, sulfate polyacrylamide elec-
not two as previously thought. trophoresis, electrophoretically

Pseudexins A, B, and C, indi- transferred to nitrocellulose, and
vidually purified by C18 HPLC, immunostained). Apparently, the
were placed in the amino acid se- epitopes recognized by these mono-
quencer and the first 28 - 34 clones are conformational in nature.
residues were identified. The data In contrast, ascites number 5 was
were compatible with those from able to bind to denatured pseudex-
sequencing runs on mono-S peak V, ins, albeit weakly.
and were sufficient to demonstrate In an ongoing project, in col-
that the three isoenzymes have ho- laboration with Dr. Lynn Siegel, an-
mologous but unique structures. tisera to peptides, based on se-

I determined the complete quences from the heavy and light
amino acid sequences of pseudexins chains of botulinum neurotoxins
A and B, using about 3 - 4 mg of types B and E, were fitrther evalu-
each isoenzyme, purified from frac- ated by i'estern blot, ELISA, and
tion V by reverse-phase HPLC. The neutralization tests. All antisera
complete primary structures were bound to homologous peptide and
assembled from N-terminal se- also to homologous whole toxin. Dif-
quencing data and from sequencing ferent degrees of cross reactivity
of peptides generated by cleavage with heterologous ser.)types and
with clost.ripain, staphylococcal V8 with tetanus toxin were found, de-
protease, trypsin, chymotrypsin, pending not only on the peptide, but
and iodosobenzoic acid. Peptides so also on the individual rabbit in
produced were purified by HPLC, which a particular antiserum was
analyzed in the sequencer, and raised. None of the peptide antisera
placed in order in the overall se- neutralized toxin. Peptide antibod-
quence by comparison with struc- ies were used to identify specific
tures of overlapping peptides. sequences in complex mixtures con-
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taining many different peptides. was grown in the fermenter and suc-
and to evaluate toxin production by cessfully purified. In addition,
organisms after exposure to muta- quantities of types B and C were
gen. also purified. Current supplies of

In order to maintain our sup- purified botulinum neurotoxins are
plies of highly purified botulinum summarized in the following table:
neurotoxins, a preparation of Lype E

Total mg*

Purified Used On-Hand
Serotype (mg) (nrg) (rag)

A 36 3 33
B 112 21 91
C 41 7 34

*As of June 1988

MEGF Cellular Mechanisms of Actions of Militarily Relevant Toxins

PRINCIPAL INVESTIGATOR: Richard Crosland, Ph.D.

Antivenoms are the currently mice of Bungarus caerdeus venom;
available agents for treat.-c.t of in- Bwzgarws multicbncu venom and
toxication by snake venoms. The its neurotoxic components, a-bun-
development of therapeutic strate- garotoxin and b-bungarotoxin; Cro-
gies by more generally available talus durissus terrif'wus venom and
drugs could improve treatment of its neurotoxic component, crctoxin;
envenomation by reducing the cost and Oxyw-anws scutealltus venom
of the therapeutic agent, eliminating and its neurotoxic component,
hypersensitivity reactions to an- taipoxin; all of which have PLA2 ac-
tivenoms, and requiring less costly tivity associated with them.
storage conditions. To these ends, Venom ("venom" will here-
the efficacies of the PLA2 inhibitors inafter denote *venom" and "toxin")
chloi'oquine, chlorpromazine, dex- was administered i.p., followed im-
amethasone, nicergoline, piracetam, mediately by an i.p. injection of
primaquine, and quinacrine were drug. Lethality was measured 24 h
investigated with respect to reduciug later. The optimal protective dose of
the toxi.:ity in each drug with respect to each

7



venom was first determined. Sec- oms. Quinacrine increased the LD50
ond, the drug-induced change in the of B. caeruleus venom 5.7-fold, the
LD 5 0 of venom was measured. LD5oofB. multicinctus venom 10.5-
Third, the effect on lethality of the fold and the LDs0 of b-bungarotoxin
relative time of injection of drug 8.6-fold while having no effect on
with respect to the injection of the LD50 of the other venoms.
venom was determined. The relationship between lethal-

Chloroquine increased the LD50 ity and the time of injection of drug
of B. caeruleus venom. B. multi- relative to the time of injection of
cnctus venom, and b-bungarotoxin venom was similar for all the drug-
16-, 5.0-, and 17-fold. respectively, venom combinations tested. Protec-
while having no effect on the LD50 tion from lethality was maximal
of the other venoms. Chlorpro- when the drugs were administered
mazine also increased the LD5 0 of immediately after the injection of a
only the same three venoms 8.7-, 100% fatal dose of venom. Protec-
2.6-, and 3.8-fold, respectively. At tion was still present, although sig-
high doses, dexamethasone caused a nificantly reduced, when drugs
3.5-fold increase in the LDs0 of 0. were injected 15 min either before
scuteUatus venom and a 4-fold in- or after intoxication. With the ex-
crease in the LD50 of taipoxin while ceptions of chloroquine and
having no effect on the LD50 of the quinacrine, a 30-min pre- or postin-
other venoms. Nicergoline in- toxication drug treatment offered
creased the LD50 of B. multicinctus virtually no protection from lethal-
venom 4.5- fold and the LD5 0 of b- ity.

bungarotoxin 3.9-fold while having I found that selected drugs
no effect on the LD50 of the other currently in use in humans for other
venoms. Piracetam had no effect on purposes significantly reduced the
any of the venoms. Primaquine in- lethality in mice of some snake yen-
creased the LD50 of B. caeru/eus oms and their presynaptic neuro-
venom, B. multicinctus venom, and toxic components if the drugs were
b-bungarotoxin 2.9-, 6.0-, and 3.9- administered soon before or after
fold, respectively, while having no intoxication.
effect on the LD50 of the other yen-
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BACKGROUND point that many of these clones, se-
quences, and monoclonal antibodies
are now available, and experience

The research concept being with the associated technologies has
explored by the basic studies pre- increased the feasibility of obtaining
sented within this work unit in- similar reagents and information for
cludes an examination of the feasi- other agents. Li this report we report
bility of employing biotechnology or a continuation of the research for the
molecular technology for the devel- investigation of the various methods
opment of new and improved vac- for exploiting new information in the
cines and/or diagnostic reagents. Al- pursuit of improved disease preven-
though all of the agents under inves- tion and control.
tigation represent real disease
threats, the basic information devel-
oped and the strategies determined SUMMARY
to be successful in the approach to
vaccination or diagnosis should serve Hantaan viral genes coding for
as valuable models for related dis- envelope glycoprotein antigens have
ease-producing agents. Previous been expressed successfully by using
progress reports emphasized details both the recombinant baculovirus
of obtaining molecular clones and and vaccinia virus systems. Animals
their DNA sequences, the generation immunized with the products of
of batteries of monoclonal antibod- these expression systems responded
ies, and the development of methods by producing neutralizing antibodies.
and techniques for the synthesis or Recombinant vaccinia viruses ex-
expression of gene products. The pressing specific sequences from Rift
state-of-the-art has progressed to the Valley fever virus (RVFV) have re-
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fined requirements for future vac- edema factor (adenylate cyclase) al-
cines. Monoclonal antibodies to lowed identification of the enzymat-
Crimean-Congo hemorrhagic fever ically active site to be inactivated for
(CCHF), vaccinia, and Hantaan vaccine development. Specific cellu-
viruses have been used to define lar sensitivity to anthrax lethal toxin
major antigenic determinants and was shown to be due to a post-bind-
serve as useful diagnostic reagents ing event, and a requirement for ex-
for each of these viruses. The DNA tracellular calcium was shown for
sequence of Bac/lw, anthracis the expression of toxicity.

MEIA Molecular and Biological Characterization of Nairoviruses

PRINCIPAL INVESTIGATOR: J. F. Smith, Ph.D.

In FY 88 our studies focused Monoclonal antibodies to each
on antigenic and biochemical analy- of these proteins were produced from
ses of the virus-specific proteins of seven, independent hybridoma fu-

CCHF virus and on a definition of sions. These fusions resulted in 464
the antigenic relationships among positive hybridomas, 89 of which
CCHF virus and heterologous will used for cloning and further
Nairoviruses. analysis.

The CCHtF virus-specific pro- These monoclones were ana-
teins were identified by elec- lyzed by immunofluorescence assays
trophoresis of polypeptides solubi- with 13 strains of CCHF virus and
lized from gradient-purified virions 14 other Nairoviruses. The results
and nucleocapsid complexes, and by indicate that ep;topes residing on the
immunoprecipitation by polyclonal NC protein are highly conserved
antisera of lysates of infected cells. among the CCHF viral strains, and,
The structural proteins consisted of with few exceptions, are absent on
two envelope glycoproteins, G1(80 heterologous Nairoviruses. In con-
kd) and G2 (37 kd); the nucleocapsid trast. the reactions with GI and G2
protein. NC (50 kd); a 240-kd monoclones showed significant het-
polypeptide, L, assumed to be the erog•.neity among the CCIIF viral
viral polymerase; and two nonstruc- strains: many of these glycoprotein
tural proteins (82 and 120 kd). These epitopes were conserved on other
two nonstructural proteins, as well as Nairoviruses. Apparently, antigenic
G1 and G2. contained predomi- cross-reactions observed previously
nantly high-mannose, asparagine- with the Nairovinus genus monitor
linked oligosaccharides. The 120-kd determinants on the viral envelope
species shared determinants with antigens, and purified NC complexes
both G1 and G2 and is probably a have proven to constitute a highly
precursor polypeptide, which is pos- specific, serodiagnostic antigen in
translationally cleaved to form the ELISAs.
mature glycoproteins. Anti-G1 and anti-NC mono-

clones were evaluated for their abil-
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ity to neutralize virus in vivo and to ing protection without neutralization.
protect passively immunized infant An additional complication in de-
mice. As expected, the anti-NC anti- signing protective immunogens is that
bodies were inactive in both assays. the cross-reactivity studies have
Approximately half the anti-GI shown only limited conservation of
monoclones had significant plaque- these protecting epitopes on some
reduction titers, and souae showed strains of CCHF virus, suggesting
efficient protection in vivo. How- that a monovalent vaccine may not
ever, the correlation bet ween these provide protection against all strains
two assays was low, with some mon- of CCH1F virus.
oclones capable of neutralization,
but not protection, and others show-

MEIB Analysis of Experimental Rift Valley Fever Vaccines

PRINCIPAL INVESTIGATOR: J. M. Dalrymple, Ph.D.

Vaccinia virus was evaluated good an immune response as any of
as an expression vector for the gen- those tested. Based on these data,
eration of candidate human virus the Connaught was selected as the
vaccines engineered to express a va- parent vaccinia strain for future vac-
riety of genes coding for important cinia recombination experiments and
antigenic determinants of viral candidate human virus vaccine de-
pathogens of interest. Three separate velopment.
strains of vaccinia virus were evalu- A series of recombinant vac-
ated as possible parent vaccine cinia viruses were generated contain-
strains, based on the fact that each ing truncated RVFV G2 gene seg-
has been used successfully in human ments. Two antigenic determinants
smallpox vaccines, important for protection were

,lecombinant vaccinia vaccines mapped to specific loci on the G2
were generated with each of the vac- gene and were conserved in most of
cinia strains containing a Rift Valley of the truncated recombinants. After
fever viral (RVFV) gene segment ex- immunization of mice and subse-
pressing both GI and G2 envelope quent challenge, responses varied
glycoproteins. Experiments were de- from full to no protection, as the size
signed to reveal differences in ex- of the G2 gene segment decreased.
pression or immunogenicity that Interestingly, G2 segments that con-
could possibly result from the dif- tained both of the antigenic determi-
ferent vaccinia parent strains, which nants, previously shown to be impor-
were safety- and immunogenicity- tant for protection, still failed to pro-
tested in mice. Of the three vaccinia tect, suggesting that some regions
strains examined (Connaught, near the carboxy terminus of the G2
Copenhagen, Lister) the Connaught- protein are important for vaccinia vi-
"derived recombinants were of lower ral expression of protective RFVF de-
virulence for mice, yet elicited as terminants.
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A vaccinia viral parent strain, naught thymidine kinase (tk) gene
which could serve as the parent vac- with an engineered 150 base-pairs
cinia for all recombinations gener- deletion to prevent possible regener-
ated for human vaccine develop- ation of the entire tk gene, as well as
ment, has been evaluated in the Bio- a vaccinia promoter and the lac Z
productions Laboratory at USAM- gene coding for beta galactosidase.
RIID. The original Connaught strain Homologous recombination experi-
was passed through a series of plaque ments with this plasmid DNA and
purifications in certified MRC-5 cells the Connaught strain candidate vac-
and one of the derivatives for fur- cine virus resulted in a recombinant
ther development. A plasmid was vaccinia virus that was thymidine
designed which contained homolo- kinase-negative and that expressed
gous flanking sequcnces cf the Con- beta galactosidase.

MEID Molecular and Biological Characterization of Hantaviruses

PRINCIPAL INVESTIGATOR: C. S. Schmaljohn, Ph.D.

ASSOCIATE INVESTIGATORS: J. Arikawa, Ph.D.
J. M. Dalrymple, Ph.D.
Y.-K. Chu, Ph.D.

"Monoclonal antibodies to the reactivity with viruses representative
envelope glycoproteins of Hantaan of each of the four known antigenic
virus were produced and character- groups of Hantaviruses. These data
ized. Expression of Hantaan genes in have provided valuable insights into
eucaryotic vectors was used to de- the antigenic relationships among
velop diagnostic antigens and im- Hantaviruses and have established a
munogens to Hantaan and Rift Val- basis for understanding immune re-
ley fever viruses, sponses to Hantaan virus.

We produced a panel of 24 The M and S genome segments
monoclonal antibodies to the enve- of Hantaan virus, which encode the
lope glycoproteins (GI and G2) of G1 and G2 or the nucleocapsid (NC)
Hantaan virus and examined them protein, respectively, were inserted
by plaque-reduction neutralization, into two eucaryotic viral vectors:
hemagglutination inhibition, and in- vaccinia virus and the baculovirus
direct immunofluorescence. Autographica californica nuclear
Competitive inhibition studies re- polyhedrosis virus (AcNPV). We
vealed nine distinct, partially over- were able to produce, in both expres-
lapping, antigenic sites, two on GI sion systems, Hantaan proteins
and seven on G2. Neutralizing epi- which were indistinguishable from
topes and epitopes involved in authentic viral proteins by polyacry-
hemagglutination were identified on lamide gel electrophoresis.
both G1 and G2. The nine antigenic We examined the bac-
sites could be further divided into ulovirus-expressed proteins as diag-
13, based upon the serological cross- nostic antigen and were able to
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demonstrate, by ELISA fluorescent in the inoculated animal and, conse-
antibody, reactivity with a variety of quently, smaller immunizing doses
rodent and human immune sera. IL are required. We prepared recombi-
collaboration with LT COL J. LeDuc, nants in two strains of vaccinia: the
we used the expressed NC antigen mouse-neurovirulent WR strain and
for Hantavirus screening assays. the Connaught human-vaccine strain.
"This expressed protein offers nu- Mice and hamsters were immunized
merous advantages over authentic with vaccinia-Hantaan recombinants
Hantaan antigen, including: (1) expressing NC, both G1 and G2, or
safety, because AcNPV infects only only G1 or G2. Antibody responses
lepidopteran insect cells like moths to both vaccinia and Hantaan were
and caterpillars, and not mammalian detected in mice, with the highest
cells or dipteran insect cells like titers to Hantaan observed in ani-
mosquitos. Therefore the bac- mals immunized with the recombi-
ulovirus can be propagated under P2 nant expressing both G1 and G2.
containment rather than P3, as re- The response to the Connaught vac-
quired for Hantaan; (2) expediency, cinia recombinant appeared as good
in that the antigen can be produced or better that that to the live WR re-
at much greater levels per infected combinant.
cell than authentic viral antigen and Although no animal model for
can be produced in only 3 days, disease caused by Hantaan virus has
compared to 7 - 10 for Hantaan virus; been discovered, a protection model
and (3) simplicity, in that the insect for hamsters was developed by Dr. J.
cultures inoculated with the bac- Dalrymple and Dr. Y.-K. Chu.
ulovirus can be grown in spinner cul- Hamsters were immunized with each
tures at room temperature. of the vaccinia-Hantaan recom-

Expression of the entire M binants and were subsequently
segment of Hantaan with AcNPV was challenged with Hantaan virus.
used to produce both GI and G2, and Serum antibody titers to Hantaan
expression of portions of the M seg- and the presence of Hantaan antigen
ment to generate only GI or G2. in the lungs of the animals were
These proteins are currently being measured. The recombinants
tested as both diagnostic antigens expressing G1 and G2 appeared to
and as immunogens. To date, we protect completely the animals from
have been able to elicit neutralizing infection with Hantaan virus. The
antibody to Hantaan in rabbits inoc- WR-vaccinia recombinant expressing
ulated with cell lysates infected with only GI also appeared to protect most
the baculovirus construct containing of the animals from infection. No
the entire M segment, but not with protection was observed with the
recombinants expressing only one of other constructs. These results were
the glycoproteins. very encouraging for development of

Unlike baculoviruses, vaccinia a human-vaccinia vaccine, and we
virus will infect humans and, there- are pursuing that goal.
fore, vaccinia recombinants can be We also expressed the M
used as live-virus vaccines. Such genome segment of RVFV in AcNPV
vaccines allow production of proteins and have produced both GI and G2
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proteins from recombinants contain- gen for screening samples from epi-
ing the complete segment, and G2 or demic areas must be determined.
a small nonstructural protein from We immunized mice with
recombinants containing portions of the RVFV M segment recom-
the M segment. The expressed pro- binants and challenged the
teins were examined as diagnostic animals with RVFV. We
antig'an and were found to work well demonstrated that, although the
for detection of antibodies in human mice became infected with RVFV,
vaccinee sera or in mouse ascitic fla- they were protected from disease.
ids, but high backgrounds were ob- We currently are repeating
tained with sera from African Rift studies to determine if the
Valley fever patients. More appro- expressed G2 protein only will be
priate conditions for use of this anti- protective

MEDA Basic Research Studies for Protection Against Anthrax

PRINCIPAL INVESTIGATOR: S. H.. Leppla, Ph.D.

ASSOCIATE iNVESTIGATORS: J. R. Lowe, LTC, Ph.D.
S. F. Little, M.S.

Nested deletions of the lethal Pure LF protein was intro-
factor (LF) and (PA) genes were ob- duced into various cultured animal
tained for use in DNA sequencing cells by osmotic lysis and by chemi-
and for mapping antigenic and func- cal conjugation to receptor ligands.
tional domains. Conditions were es- Regardless of the mode of internal-
tablished for semi-random mutagen- ization, LF was toxic only to
esis of the PA gene by the "TAB macrophages. Even in these, very
linker" method. The PA gene was high ,oncentrations of LF were
expressed in Escherichia coli under needed when PA was absent. This
control of the T7 promoter, and sev- shows that the resistance of most cell
eral deletions and fragments were types to the lethal toxin (PA + LF) did
obtained, not result from a defect in internal-

The cloned PA gene was trans- ization.
ferred to B. anthracis strains by elec- Mouse monoclonal antibodies
troporation. The enhancement of PA to all three anthrax toxin compo-
synthesis by the bicarbonate ion in nents were analyzed. Neutralizing
B. anthracis was shown to require antibodies to LF and PA were found
the presence of a gene on plasmid (7 of 77 PA antibodies, 7 of 62 LF
pX01. antibodies). Several EF (edema fac-

Aromatic amino acid-requir- tor) antibodies were found which
ing mutant. of B. anthracis obtained competed with calmodulin for bind-
by transposon Tn916 mutagenesis ing to the EF adenylate cyclase pro-
were shown to be avirulent and to tein.
protect guinea pigs when challenged
by virulent B. anthracis
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PROJECT NO. 3M161102BS12: Science Base/Medical Defense
Against BW

WORK UNIT NO: S12-AC-003: Basic Studies Seeking Generic
Medical Countermeasures
Against Agents of Biological
Origin

PRINCIPAL INVESTIGATOR: G. A. Saviolakis. LTC, M.D.

ASSOCIATE INVESTIGATOR: D. L. Bunner, COL, M.D.

BACKGROUND
dependent on the age of the cul-

Small molecular weight ture, was a dominant determi-
endogenous peptides, such as nant of the response. Coarse cul-
neuropeptides and monokines, tures (3-7 days old), composed
have major effects on physio- mostly of elongated neuronal
logical control of vital organ sys- cells, were unresponsive. On the
tems, such as cardio-respiratory, other hand, dense cultures. corn-
vascular, endocrine and immune posed of round chromatin cells,
systems, and on behavior. Due to responded only during the first

their demonstrated potency, part of the second week but not
many of these peptides may be later. The responses to insalin,
important as potential biological dermorphin, and several cy-
warfare agents. The purposes, tokines (interleukins la and lb.
therefore, of this work unit are: and tumor neurosis factor a) were
(a) to assess the pathophysiologi- studied. Except for dermorphin.
cal effects of selected groups of all other peptides demonstrated a
peptides; (b) to develop methods direct positive effect on cate-
for their detection; and (c) to de- cholamine release. The response
velop therapeutic interventions to however, to the natural neuro-
mitigate their effects on military transmitter stimulus, nicotine,
personnel, and to K4-depolarization was at-

tenuated or inhibited by all these
SULMMARY above peptides. These restl.ts

suggest that the evaluated pep-
In vitro studies. Rat PC-12 tides, which participate in the

pheochrorrocytoma cells were stress of inflammatory response.
continued to be used for studies may function both as neurosecre-
of direct and modulated peptide tors and neuromodulators. Stud-
effects on catecholamine release. ies designed to screen other pep-
The cell phenotype. which waý tides and to study the mechanism
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of neuromodulatory effects have lution. The biopotency of in-
been planned. haled aerosolized insulin/vehicle

was equal to that of intravenous
In vivo studies. Studies to insulin, and higher than the re-

evaiuate the pulmonary ab- ported one following intranasal
sorption of peptides were con- administration. These studies
tinued in collaboration with Dr. suggest that aerosolized peptides
Creasia, Inhalation Toxicologist, may be easily absorbed through
assigned to Pathophysiology Divi- the large surface area of the alve-
sion. In particular, the focus was olocapillary membrane if deliv-
on further characterization of the ered in a lipophilic vehicle. Fur-
previously observed insulin ef- ther studies designed to evaluate
fect. Three lipophilic vehicles, the pulmonary absorption and
fusidic acid, azone, and glycerol pharmacokinetics of smaller pep-
were used to aerosolize insulin, tides had been planned but were
A strong hypoglycemic effect was suspended because of the
obtained with inhaled insulin in resignation of the one techician
all three vehicles, but not with assigned to this program early in
aerosols of insulin in saline so- the year.

MEIlll Research efforts during the past year were focussed on the
following:

(chromaffin) cells but not with
In vitro studies. Evaluation cells differentiated into neurons.

of the effects of neuropeptides
and cytokines on catecholamine in vivo saidies. Animal
secretion from PC-12 pheochro- studies aimed at studying the ab-
mocytoma cells were continued. sorption and bioactivity of pep-
Insulin, the interleukins ILla, tides from the lung. The absop-
and Il~b, and tumor necrosis fac- tion of insulin from the lung was
tor a directly increased cate- characterized further and the po-
cholamine release, whereas der- tency of the effect was compared
morphin was inactive. Responses to that following intravenous ad-
to the classical neurosecretors, ministration. Acrosolized insulin
nicotine and K*, were inhibited, was potent when delivered with
however, by these peptides. Pep- three different lipophilic vehicles
tide effects were obtained only but not in saline solution. In-
with cells morphologically similar haled insulin and intravenous in-
to rounded adrenal medulary suline had similar hypoglycemic

potencies.
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responder cell populations.
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BACKGROUND

Coxiella burnetii is able to reconstituted, phase I chloroform-
modulate the host immune response methanol residue (CMRI)-injected
in positive and negative directions. animals, we observed substantial
These bivalent responses of the host immunosuppression.
may be both specific and non- The CMRI is efficacious as a
specific. While anima!% injected with vaccine and non-toxic at high concen-
phase I cells show increased trations W100 p.g/ml) in vitro. There-
tumoricidal and bactericidal fore, str,,ctural features of the ISC
abilities, pathogenic reactions such are responsible for the induction of
as hepatomegaly, splenomegaly, liver suppression in vivo and the initiation
necrosis, death, lymphocyte hypore- of lymphocytosis in vitro.
sponsiveness, and antigen-specifir, The recognition of C. burnetii
negative modulation also occur. infection as a focal or regional health
These adverse responses generated problem for individuals in the ani-
by the components of the immune mal industry is well accepted. An
suppressive complex (ISC) were the important question regarding this
subject of the current study. zoonosis is the role of pets in the

Inactivated phase I C. burnetii spread of Q fever to humans.
cells are effective in inducing the Retrospective clinical and seroepi-
immunosuppressive activity in mice. demiological data have lead to the
Therefore, this activity is not the re- hypothesis that this disease may be
suit of an infectious process, but of frequently involved in outbreaks of
some microbial component. Phase I atypical pneumonia cases. Previ-
cells at low concentrations do not ex- ously, in Nova Scotia. we initiated
ert a toxic effect on lymphocytes cul- studies on the cause of pneumonia in
tured in vitro, but at high concentra- 1979 and found that C. burnetii was
tions (,100 ug/mel), lymphocytes are the culprit in cases of atypical pneu-
killed. In fact, 5 pg of phase I whole monia. However, the exposure to cat-
cells (WCI) per ml as in-vitro recall tie. sheep, and goats was not associ-
antigen stimulates lymphocytes from ated routinely as the cause of their
saline-injected mice. However, when infection. We have observed a sigriif-
used as recall antigens with cultured icant number of cases of Q fever af-
lymphocytes from phase I (WCM ) or ter the skinning of wild rabbits. lIn-
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portantly, a recent report led to sus- murine -system. Noteworthy was the
picion that exposure to parturient diminution of ISC activity in strains
cats might explain discrete foci of possessing marked increase in the
outbreaks of Q fever in Nova Scotia. concentration of the rough LPS
As a result of these observations, we chemotype. Although some of these
designed a case-control study to de- strains expressed both smooth and
termine the incidence and risk fac- semi-rough LPS, they all expressed
tors for acquisition of Q fever in significant amounts of the rough LPS
Maritime Canada. chemotype. Thus, the synthesis of

LPS and expression of the ISC ap-
SUMMARY pear to be controlled coordinately

and may reflect linkage on the chro-
In previous experiments, the mosome, possibly under genetic con-

phase I ISC was dissociated, but not trol. The correlation between LPS
inactivated, after extraction of phase structural variation and ISC may be
I cells with chloroform-methanol, related incidentally to the cell ma-
Also reconstitution of the phase I trix receptor involved in anchoring
CMR with non-rickettsial chloro- the dithiothreitol-soluble and CME-
form-methanol extract (CME) and active components.
reagent grade lipids restored the ISC Our studies indicate that ex-
activity. The phase I lipopolysaccha- posure to the products of feline con-
ride (LPS) alone or reconstituted ception is a risk factor for acquisition
with CME did not possess the proper- of Q fever. The greatest risk is after
ties of the ISC. exposure to stillborn kittens. Expo-

The expression of the ISC ac- sure to cat litters postpartem was the
tivity by different isolates of C. bar- only other significant risk factor in
nedi was tested. A survey of eight C. the multivariate analysis. Several
burnetii strains with structural varia- traditional risk factors for Q fever
tion in LPS indicated that phase I were present based on the univariate
Ohio strain, phase I Henzerling, analysis, unadjusted for multiple
phase I Nine Mile, and phase I Nine comparisons. Individuals were at risk
Mile 514 expressed the ISC activity, for the contraction of Q fever if they
Although the phase I, Nine Mile 514 worked on a farm, slaughtered or
strain carries the ISC, it is a semi- dressed animals, and if they had
rough chemotype and does not ex- contact with cat-, cattle-, sheep-, and
press any rough LPS. Interestingly, tick-infested animals. Some of these
the phase I cardiac valve-isolated, risk factors obviously overlap, such
"KAV" and "PAV" strains, which ex- as working on farms and being in
press both the smooth (phase I), semi- contact with large domestic animals.
rough, and rough (phase II), ex- Despite the weak association of this
pressed significantly different prop- group of risk factors in the context of
erties of the ISC activity. Although the overall study, in indivicdual cases
organisms expressing the smooth and and from our knowledge of the biol-
semi-rough LPS induce the ISC activ- ogy, contact with cattle, sheep, and
ity, not all organisms classified as slaughter animals was the probable
phase I induce suppression in the
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means whereby some of our cases may be prevalent in cases of respira-
acquired Q fever, tory illness of unknown origin. More

The question of how cats are case-control studies should be per-
infected is paramount to breaking formed to determine the role of cats
the cycle of spread to man. Our study in the spread of Q fever and the
suggests that cat-associated Q fever source of feline infection.

PRESENTATIONS

Waag, D., and J. C. Williams. 1987, Identification of suppressor cells induced
following injection of C57B1/O ScN mice with phase I Coxiella burnetii whole
cells. Presented at the American Physiology Society Annual Meeting, Federation
of American Societies for Experimental Biology, Washington, D. C., April.

Waag, D., J. C. Williams, K-L Amano, M. England, and J. Beveridge.
1987. Lack of correlation between the ability to induce in vivo and in vitro
pathogenic reactions and LPS phenotypes of Coxiella burnetii strains. Presented
at the American Society for Rickettsiology, Williamsburg, VA.

PUBLICATIONS

Amano, K I, J. C. Williams, S. R. Mlssler, and V. N. Reinhold. 1987.
Structure and biological relationships of CoxieUa burnetii lipopolysaccharides. J.
Biol. Chem. 262:1470-4747.

*Her, G. R., S. Santikarn, V. N. Reinhold, and J. C. Williams. 1987.
Simplified approach to HPLC precolumn fluorescent labeling of carbohydrates:
N-(2-pyridinyl)-glycosamines. Carbohdr. Chem. 76:129-139.
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Biological Importance

PRINCIPAL INVESTIGATOR: M. Kende, Ph.D.

BACKGROUND SUMMARY

Over the past few years at Results obtained in this re-
USAMRIID, several immunomod- porting period gave additional indi-
ulators were identified that have cations on the usefulness of im-
broad-spectrum antiviral activity munomodulators for the prevention
against "exotic" RNA viruses. This and treatment of viral infections of
research program addresses the military importance. Studies were
continued evaluation of these lead initiated and performed to assess
compounds for their application as the amplification of virus-specific
broad-spectrum antiviral agents. humoral and cellular immune re-
The number of natural and syn- sponses by selected immuno-
thetic products, as well 3S recom- modulatory substances with potent
binant cytokines, which non- antiviral efficacy. Data obtained so
specifically activate the immune far indicate that no amplification of
system and enhance host resistance virus-specific immune response
to viral infections, has grown signif- occurred at times tested; however,
icantly. Particular attention has kinetics of amplification as a
been given to compounds that are function of time is still under study.
active orally. We are evaluating Advanced evaluation was
various approaches for the specific completed of two immunomodula-
targeted delivery of these antivirals tors, AVS 1018 and 1968, against
and immunomodulators for im- viruses from three arboviral fami-
provement of the therapeutic index, lies. These studies revealed that
Our research activity is also directed oral administration of these coin-
at combination chemotherapy. Coin- pounds has a sufficiently wide
binations of certain antivirals and safety margin without causing side
immunomodulators have been effects. One of the compounds, AVS
shown to exhibit significant syn- 1018, induced peak titers of inter-
ergy due to their different modes of feron much more rapidly than any
action. other known inducers; therefore,

we consider this antiviral to be par-
ticularly valuable for therapeutic
administration. Studies also showed

37



/

that, with each inducer, the kinetics activity against lethal yellow fever
of interferon persistence was dif- viral infection.
ferent; therefore, selection of an Efforts continued to identify
immunomodulator must include ex- immuno-modulator(s) that would be
tensive characterization. Marked effective against arena (Pichinde) vi-
therapeutic synergism was also evi- ral infection in guinea pigs, alone,
dent between these immuno- or in combination of two immuno-
modulators and ribavirin, and also modulators, or with ribavirin. So
between AVS 1018 and mouse far, none of the tested compounds
interferon-y. In comparison with the was effective, neither alone nor in
administration of interferon-ct and - combined modality treatments. In
g, the combined use of an present studies, because arenavirus
interferon-c/p inducer (AVS 1018) was inhibited in vitro by interferon-
.vith exogenous interferon-y, yield- -y, interferon-y inducers (interleu-
ed better therapeutic synergism. kin-2 and a germanium derivative)

Formalin-inactivated extract were employed Use of a second
of Coxiella burnetii had remarkable signal to promote interferon-y in-
prophylactic efficacy against en- duction is being explored. This may
cephalitic infection caused by Banzi also be relevant for other, but not
(flavi) virus. By administration of a every, arboviral infection, as our
single dose of inactivated microor- recent, preliminary data suggest that
ganisms, complete protection per- Sindbis viral infection of macro-
sisted for at least 7 days prior to phage cell line interferes 'ith
challenge. interleukin-1 release. An impaired

Studies revealed that hybrid interleukin-l response could affect
recom-binant human interferon-a specific and non-specific immune
was consistently very effective pro- responses.
phylactically and therapeutically Liposome-mediated drug dis-
against Rift Valley fever and Banzi tribution studies indicate that, with
viral infections in mice. In compari- a certain lipid composition, about
son with prophylactic treatment, 70% of encapsu'lted ribavirin can
therapeutically schedule, the dose be recovered from the liver. In
required was considerably higher comparison with free drug, only li-
and the challenge level was more posome-encapsulated ribavirin was
limited. \t the present time, this efficacious upon therapeutic admin-
antivirai compound is being evalu- istration. Homogeneous size distri-
ated in non-human primates for its bution of the carrier was not a pre-

requisite for therapeutic efficacy.

PRESENTATIONS

Kende, M. 1988. Antiviral potential of biological response modifiers (BRM).
Presented at the Second International Conference on the Impact of Viral Diseases
on the Deyelopment of Latin American Countries and the Caribbean Region, Mar
Del Plata, Argentina, March.
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Kende, M., and P. G. Canonico. 1988. Antiviral potential of biological re-
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Kende, M., P. G. Canonico, NI. Contos, and A. Gabizon. 1988. Liposomes
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Kende, M., W. L. Rill, M. J. Contos, and P. G. Canonlco. 1988. Efficacy of
a novel orally active immunomodulator. S-26308 against arbovirus infections.
Presented at the 2nd International Conference on Antiviral Research, Williams-
burg, VA, April.

Kende, N1., P. G. Canonico, and T. R. Tice. 1988. Drug targeting strategies
for the treatment of experimental Rift Valley fever virus (RVFV) infection. Pre-
sented at the International Conference on Pharmaceutical Sciences and Clinical
Pharmacology, Jerusalem, Israel, May-June.

Kende, M., W. R. Rill, NI. Derevjanik, N1. Contos, and P. G. Canonico.
1987. Treatment of Rift valley fever virus RVFV) infection with biological re-
sponse modifiers. Presented at the Annual Meeting of the International Society
for Interferon Research, Washington, D. C., November.

Rankin, J. T., MI. A, Ussery, M. Kende, and P. G. Canonico. 1988. Murine
retrovirus models in AIDS drug development. Presented at the Second Interna-
tional Conference on Antiviral Research, Williamsburg, VA, April.

Ussery, N1. A., J. T. Rankin, NI. Kende, and P. G. Canonico. 1988. The ef-
ficacy of ribamidine, an analog of ribavirin, in two murine retrovirus models.
Presented at the 7th Annual Meeting of the American Society for Virology,
Austin, TX, June.
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WORK UNIT NO. 807-AE-015: Advanced Non-system
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PRINCIPAL INVESTIGATOR: J. C Williams, Ph.D.

ASSOCIATE INVESTIGATORS: G. H. Scott, Ph.D.
D. Waag, Ph.D.

from phase I whole cells. The CMR
BACKGROUND vaccine has been shown to be effica-

cious and non-reactogenic in ani-
Infection of laboratory ani- mals, but is still difficult to produce

mals and humans with virulent from infected yolk sacs. Thus, an
phase I Coxiella burnetii, the etiologic
agent of Q fever, leads to progres-
sive, but usually self-limiting, dis- objective is to prepare a subunit vac-
ease which is confirmed by the sero- cine by cloning the DNA of virulent
logical measurement of anti-C. bur- C. burnetii and screening the clones
netU antibodies. The distribution of for production of immunogenic pro-
Q fever is worldwide. About 5% of teins. This approach complements the
cases are chronic, involving liver biochemical approach of purifying
g ranuloma or cardiac tissue immunogens and has the advantage
endocarditis). In acute disease, the of not requiring infectious mi-
temporal development of immuno- croorganisms .
suppression has been detected in Vaccinogenic products gener-
mice and guinea pigs. In chronic dis- ated via traditional fractionation
ease of humans, an antigen-specific procedures are being compared to re-
suppression circuit may be involved combinant DNA based vaccines. The
in the establishment and continu- A/J mouse is currently the animal
ance of chronic Q fever. In order to model of choice for evaluating the
learn more about the suppressor efficacy of vaccines against virulent
mechanisms, we are studying the challenge.
mouse and guinea pig models more
thoroughly. Our studies have cen- SUMMARY
tered around the immune suppres-
sive complex (ISC) of C. bwrne'ii and In previous studies we have
the immune mechanisms induced by tested the susceptibility of inbrcd
this complex. The current phase I strains of mice to infection by phase
whole-cell vaccine is being replaced I C. btrneti. We are using the Al/
by a new candidate: chloroform- strain as a model for testing the
methanol extracted residue (CMR) efficacy of Q fever vaccines.
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Therefore, we tested the ability of cinated mice to develop antibody
vaccinated A/J mice to develop a titers against LPS-I when infected by
protective immune response against airborne C. burnetii was unexpected
virulent C. burnetii administered as and requires further study.
airborne particles or injected To facilitate the preparation
parenterally. of non-infectious diagnostic materi-

Groups of A/J mice were in- als for interchange among different
jected i.p. with 10 lpg of inactivated, laboratories, we examined the feasi-
phase I C. burnet:i cells or with 10 g'g bility of inactivating C. burnetii with
of a chloroform-methanol extracted gamma irradiation (60Co) without al-
residue from phase I cells (CMRI). A tering its immunological and anti-
control group was injected with ster- genic properties. The amount of irra-
ile PBS. Three weeks later, mice diation necessary to reduce the
from each group were challenged number of viable C. burru'tii by 90%
with virulent phase I C. burnetii by ranged from 121K rads for purified
aerosol exposure and by i.p. in- phase II organisms to 60 K rads for
jection. Mice injected with either vac- purified phase I cells. Coxilta bur-
cine survived a challenge dose that netii organisms in all three prepara-
killed 100% of the non-vaccinated tions survived 500 K rads. but none
mice when it was administered by survived 1000 K rads.
aerosol, and 60% when administered The antigenic properties of the
i.p. Vaccine-induced protection was organisms were not significantly al-
also reflected by a post-challenge tered by 1000 K rads. Mouse protec-
reduction in splenomegaly, and per- tion studies indicated that irradia-
haps most importantly, in the reduc- tion and formalin-inactivated organ-
tion of viable C. btrnetii in the isms provided vaccinated mice with
spleens of vaccinated and challenged similar levels of protection against
mice. lethal C. burnetii challenge. Electron

Antibody titers againist the microscopy indicated that 1000 K
phase I lipopolysaccharide (LPS-I) rads of gamma irradiation did not
were markedly increased in previ- destroy the morphology of the organ-
cusly vaccinated animals that were isms, and we have experienced no
challenged with viable phase I cells difficulty in using gamma-sterilized
administered i.p.; by contrast, cells in enzyme-linked immunosor-
aerosol challenge did not stimulate bent assays.
anti-LPS-I titers. This failure of vac-

PRFSENfATIONS

Scott, G. If., and J. C. Willians. 1986. Rlesponses of inbred mice to Coxiella
burnetii infection. Presented at the 6th National Conference of the
Americ an Society for Rickettsiology, Wiilliamnsburg. VA. September.
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BACKGROUND the antibody assays worked will un-
The goal of this study is to de- der field conditions, although the

velop and optimize rapid, simple conditions are some-,1,'t time con-
tests for identifying agents of biolog- suming (approximately 4 h) and re-
ical warfare potential or geographic quire skilled technicians and equip-
importance. We anticipate that sam- ment not appropriate for- use by min-
ples containing unknown agents will imally trained persons or in remote
be received both as clinical speci- locations. Consequently, there is a
mens from acutely ill individuals need to simplify the tese iormat and
and as environmental samples. Con- procedures. Antigen-detection as-
sequently, for each agent investi- says also functioned well, but there
gated, we have attempted to develop is a need to increase their sensitivity.
both antigen-capture immunoassays, Incorporation of monoc'•onal antibod-
for use on both clinical specimens ies into both the antibidY and anti-
and environmental samplei, and gen assays holds promise :,s an effec-
immunoglobulin M assays, to mea- tive means for simplifying assays.
sure transient antibodies produced increasing their sensitivities , and
by humans early in the course of in- shortening test time; however, such
fection, after antigenemia has antibodies must be carefully se-
passed. lected and characterized for optimum

In previous years, rapid as- reactivity. The focus of our studies
says to detect antigens and antibod- has been to shorten the assay times
ies were developed for a number of and develop and characterize mono-
militarily relevant viral diseases. clonal antibodies to increase the sen-
After optimization, many of these sitivity and to simplify test proce-
assays were field-tested under Work dures.
Unit No. 809-EA-005. In all cases,
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SUMMARY rapid diagnostic assays for hemor-
rhagic fever with renal syndrome.

Antigen and early antibody Preliminary results indicate that the
(immunoglobulin M, IgM)-detection antigen reacts well with immune sera
assays were developed to identify 14 to prototype Hantaan virus, urban
arthropod-borne and hemorrhagic rat-associated Seoul virus, and

fever viruses, or to diagnose acute newly defined Porogia virus, cause
diseases due to infection with these of a severe from of hemorrhagic
viruses. In addition, an 1gM-capture fever with renal syndrome in the
assay was developed and validated Balkan region of Europe. The anti.
for leptospirosis. This assay was gen, however, reacted poorly with or
tested extensively in the laboratory not at all with immune sera to Pu-
by using acute and early convales- umala virus, cause of nephropathia
cent human sera, sera from patients epidemica of Scandinavia and West-
infected with any of a wide variety ern Europe. The antigen is especially
of pathogenic serovars of Leptospira. useful for measurement of ira-
The assay was later successfully munoglobulin G, but suffers from
field tested in laboratories in Asia, non-specific reactions when used in
South America. and the Caribbean. the IgM assay, as it is currently for-
Assays to identify viral antigens or matted. Nonetheless, the ease with
early IgM antibodies were evaluated which this antigen can be produced
on epidemiologically relevant serum in large volume and ints inherent
samples from Egypt, Pakistan, Ko- lack of infectivity make it a promis-
rea, Argentina, and China. ing candidate for incorporation into

refined formats of our hantavirus as-
A bioengineered baculovirus, says. This and similar products are

expressing hantaviral antigen. devel- being further evaluated as safe and
oped by collaborating investigators at inexpensive sources of viral diagnos-
USAMRIID, was evaluated as a pos- tic antigens.
sible antigen source for use in our
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BACKGROUND SUMMARY

Seven immunologically dis- To determine the immune sta-
tinct neurotoxins (A, B, C1 , D, E, F, tus of persons receiving the current
and G) are produced by strains of botulinum vaccine, Botulinum Pen-
Clostridi'um botulinum. Types A, B, tavalent (ABCDE) Toxoid, and to
E, and F cause human botulism. Al- evaluate the effectiveness of the vac-
though there have been few well- cine, we surveyed immunized indi-
documented human cases reported, viduals for neutralizing antibodies to
types Ci, D, and G have the potential type A and to type B botulinum tox-
of producing toxic effects in man. ins. (The antibody response to type
Toxoids (chemically inactivated, but A correlates well with the response
immunogenic, toxins) for each to types C, D, and E. Typically the
serotype are used to elicit immunity response to type B is the poorest.)
to these toxins. The botulinum tox- The assay for toxin-neutralizing an-
oid used for human immunization tibodies is a mouse bioassay, em-
was prepared by treating types A, B, ploying a standard positive anti-
C, D, and E toxins with formalde- serum from the World Health Orga-

, hyde and combining them to form a nization. We assayed more than 200
composite immunogen. This toxoid sera, drawn from individuals at vari-
was manufactured by the Michigan ous points in the immunization
Department of Public Health under scheme. As a result of our inves-
contract to the Army in the late tigation, the Institute immunization
1960s. policy for Botulinum Pentavalent

Antibodies capable of neu- Toxoid was changed.
= tralizing protein toxins can be in- Neutralization tests are ex-

duced by synthetic peptides derived pensive, time-consuming, and cum-
from those toxins. Such synthetic bersome. Therefore, we developed
peptides are ideal candidiates for ELISAs, using purified type A or
vaccines, as they can be produced at type B neurotoxin as the capture
a lower cost and would be safer than antigen, to assay for antibodies. Re-
toxoids (minimal risk of reversion to sults from the ELISA were compared
toxicity, lower risk of adverse reac- to neutralization test results for 186
tions). serum samples for type A, and for

168 sera for type B. Statistically,
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the correlation coefficients for re- In an ongoing, collaborative
suits from the two assays were high. project with Dr. Schmidt, we are
However, due to the wide dispersion evaluating synthetic peptides, pro-
of values obtained, using ELISA test duced according to known sequences
results to predict neutralizing anti- of the neurotoxin mole-cule, for
body levels is unwarranted. their efficacy as vaccines.
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23. (U) To select, acquire, and test immune plasma and globulin fractions for protective
efficacy and safety In prophylaxis and therapy of hemorrhagic fever virus infections that
pose special problems for U.S. Forces sent to those areas where these diseases are
endemic. A literature search has been done. DTIC search has been filed In the 1498 file.
24. (U) Specific immune plasma is obtained by plasmapheresis from convalescent patients
after naturally occurring infections with Lassa virujs, Argentine hemorrhagic fever virus
(Junin), and Ebola virus. Plasma units are tested by current blood bank procedures and
for presence of protective (neutralizing) antibodies. Criteria are established for
optimal therapeutic administration of the final products. Alternate strategies ror
acquiring high titered antibody are developed and tested.
25. (U) 8710 - 8809 Lassa-immnune plasma collection in Liberia was expanded by inclusion
of two additional health-care facilities in the routine plasmapheres1s program.
Additional plasima units (310) were obtained, bringing the total inventory of high-quality,
lassa-inmune plasma units from Liberia to 817. Screening for HIV-1 antibody continued,
but no positive donors were identified. Among 131 newly Identified prospective donors, 9
were excluded for hepatitis B surface antigen reactivity, plus 2 for surrogate markers for
non-A, non-B hepatitis. From Sierra Leone, 135 additional units were received; 96 had
acceptable titers, bringing the total from this region to 326. A pilot lot of processed
plasma was prepared from representativ3 units of Liberian plasma. Chemical sterilization
with tri (n-butyl) phosphate preceded aerosil precipitation and QAE chromatography to
ensure redundancy in removal of adventitious viruses In the final product. The resulting
monomeric IgG retained all expected neutralizing activity in vivo, and cunferred
protection to guinea pigs challenged with either Liberian or Sierra Leone Lassa strains.
A dose-seeking study in primates will proceed clinical trials in na';ients naturally
exposed to Lassa fever in endemic foci.
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PROJECT NO. 3M263763D807: Industrial Base BW
Vaccines/Drugs

WORK UNIT NO. 807-AG-019: Advanced Immunotherapy
Studies Against Potential BW
Viral Agents

PRINCIPAL INVESTIGATOR: P. B. Jahrling, Ph.D.

BACKGROUND immunodeficiency virus, HIV); and
hepatitis A, B, and non-A, non-B are

Lassa fever is a viral disease of principal concern. This work unit
of considerable public health impor- will try to determine the safety and
tance in regions of West Africa. par- efficacy of various plasma fraction-
ticularly Liberia, Sierra Leone, and ing methods for preparation of
Nigeria, where several thousand monomeric IgG and for removal of
cases are believed to occur annually. these adventitious agents. The avail-
While serological data suggest that ability of high-titer plasma has facil-
subclinical cases may occur, the case- itated the formal testing of passive
fatality ratios among hospitalized immunization with plasma and glob-
cases are still high, variously esti- ulin products for treatment of Lassa
mated at 14 to 22% in Sierra Leone fever.
and 13 to 14% in Liberia. To in-
crease survival rates, passive immu- SUM|MARY
nization of acutely ill patients is em-
ployed frequently. One of many Lassa-immune plasma collec-
problems in evaluating plasma effi- tion efforts in Liberia were ex-
cacy is the variable quality of the panded by inclusion of two addi-
plasma infused. One objective of this tional health care facilities in the
study is t,.ie identification of Lassa- routine plasmapheresis program.
convalesceLt patients to be recruited Three hundred and ten additional
as plasma donors. Through this pro- plasma units were thus obtained.
cess, a pool of optimal donors has bringing the total inventory of
been identified, and guidelines for Liberian high-quality. Lassa-im-
identifying new donors established. mune plasma units to 817. Screening
The feasibility of preparing lgG by in a Good Laboratory Practices-certi-
chromatography for intravenous fied contract laboratory for ttlV-I an-
treatment of human Lassa fever is tibody continued, but no virus-posi-
established. However, there is con- tive donors were identified. Among
cern that adventitious agents present 131 newly identified prospective
in the original plasma pool might not donors, nine were excluded for hep-
be removed by processing, and thus atitis B surface antigen reactivity
contaminate the final product. The and two for surrogate markers for
viruses causing AIDS (human non-A, non-B hepatitis. From Sierra
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Leone, 135 additional units were re' guinea pigs challenged with either
ceived; 96 had acceptable titer:, Liberian or Sierra Leone Lassa
bringing the total from. this region to strains. A dose-seeking study in
326. A pilot lot of processed plasma primates will precede clinical trials
was prepared from representative in patients naturally exposed to
units of Liberian plasma. Two stages Lassa fever in endemic foci. The
in the processing of monomeric IgG plan is to prepare separate immune
from plasma were formally demon- globulin preparations and seek IND
strated to remove adventitious approval for their use in Liberia.
agents. By means of a "spiking" study In addition, a battery of mon-
in which 8 loglo TCID50 was delib- oclonal antibodies derived from rats
erately added to plasma before pro- immunized by inoculation of live
cessing, lI.Y-1 infectivity was Lassa virus is presently being
demonstrably removed by both screened to identify those with
chemical sterilization with tri (n- virus-neutralizing or anti-cell activi-
butyl) phosphate, and QAE chro- ties. The therapeutic potential for
matography. Thus, two redundant these monoclonal antibodies will be
sterilization techniques plus the ex- explored, with the goal of eventually
clusion of all individual plasma units substituting these for immune globu-
with potentially contaminated viro- lin prepared from convalescent
logically prior to the actual process- plasma. which is becoming increas-
ing, reduced the possibility oi viro- ingly difficult and prohibitively ex-
logical contamination of the final pensive to obtain and process.
product to practically zero. The re-
sulting monomeric lgG retained all
expected neutralizing activity in
vivo, and conferred protection to
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induced by recombinant neutrophil-activating protein (rNAP-1), which was also shown to be
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and non-immune mice If no secretory immunity is present In the nasal mucosa.

D0 "u" 1498 EDITION OF MAA S8 IS OBSOLETE.
83 MAR 63



PROJECT NO. 3M263763D807: Industrial Base BW
Vaccines/Drugs

WORK UNIT NO. 807-AL-020: Advanced Development Studies
on Immunomodulators/Enhancers

PRINCIPAL INVESTIGATOR: A. 0. Anderson, COL. M.D.

ASSOCIATE INVESTICATORS: M. Vahey, Ph.D.
M.L Pitt, Ph.D.
C. York, B.S.

BACKGROUND SUNMMARY

Many natural infections are Tracer studies showed that
initiated at mucosal surfaces; mu- 60% of radiolabeled, killed viral
cosae are potential portals of entry particles passed through the gas-
in the event of a biological warfare trointestinal tract between 2 and 6 h
attack with known or unknown tox- after aerosol exposure. The gut has
ins, bacteria, or viruses. We conduct not been studied as a portal of entry
basic and applied research on mech- for RVF virus. RVF viral strains: En-
anisms of induction, regulation, and tebbe, T-I, and ZH-501. did not ap-
effector functions of secretory anti- preciably lose infectivity in tap wa-
body and cellular immunity at mu- ter over 3 days. Mice left without
cosal surfaces for protective immu- water overnight and then exposed
nity, particularly against aerosol- for 24 h to drinking water contain-
disseminated viruses, bacteria, and ing 103, 104, and 105 PFU of ZII-
toxins. The information so gained 501 RVFV per ml exhibited dose-re-
will provide useful information for lated mortality with no deaths at
drug development, vaccines, and 103, 20% mortality at 1O, and 90%
immunomodulators for respiratory mortality at 105 PFU/ml. We esti-
mucosal protection. In these studies mate that each mouse consumed
the potential for oral immunization around 8 ml of virus-containing wa-
with live-attenuated Rift Valley ter. All mice exposed to an oral sus-
fever (RVF) virus, effects of recom- pension of the T-1 strain of RVF
binant cytokines on leukocyte mi- virus developed titers by 14( days
gration in lymphatic tissues, devel- post exposure. Aerosol immuniza-
opment of mucosal expression vec- tion with live T-1 RVF virus elicited
tors, and neuropathogenesis of similar development of neutralizing
Venezuelan equine encephalomyeli- antibodies by day 14.
tis (VEE) were explored. Molecularly defined agents

that increase migration of antigen-
reactive lymphocytes into lymphatic
tissues will be useful in the devel-
opment of immunomodulators for
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enhanced specific or non-specific also 2) to use a binding "bioassay" to
immunity. With others, we showed characterize positive clones in vitro.
that recombinant neutrophil-activat- This collaboration involved Dr.
it• protein (rNAP-1), which is iden- Jonathan Keller of the NC.
ti.:al to the 8-Kd lymphocyte chemo- Aerosol challenge with VEE
tactic factor (TCF) isolated from virus resulted in encephalitis in
conditioned media of PHA-simu- mice, whether or not they were pas-
lated T cells, produced a dose-re- sively or actively immunized with
lated increase in emigration of cir- convalescent serum or C-84 forma-
culating lymphocytes into regional lin-inactivated VEE vaccine. Neu-
lymph nodes. In the local injection ronal transmission of VEE directly
site, NAP-I was chemotactic for from nasal mucosa to olfactory
lymp',ocytes at low doses but for bulbs in systemically immune mice
neutrophils at high doses. Receptor was consistent with previous obser-
sites for NAP-1 were fewer on T- vations of binding of labeled VEE to
cells than on neutrophils. There- lateral olfactory tracts and optic
fore, the effective dose ranges of nerves, and communicating fibers
chemotaxins were sufficiently sepa- within the pyramidal system in
rated to permit local concentration frozen sections of normal mouse
of NAP-I to be a regulating factor for brain. Classical virus-isolation tech-
leukocyte selection or distinction niques were used to confirm this re-
between immunity and inflamma- ceptor-mediated transmission. Non-
tion. immune and passively immunized

A family of recombinant Es- Swiss mice were exposed to an
cherichia coli-based enteric vaccine aerosol of Trinidad donkey strain
vectors were generated by using the VEE; viral accumulation and replica-
pMG plasmid to exploit ampicillin tion proceeded in the following or-
selection and secretion of antigen der: nasal turbinates, olfactory
coded by G1-G2 cDNA. Recombi- bulbs, blood, and cerebrum. Passive
nants for RVF virus were obtained immunization with convalescent
but were unstable. SDS-polyacry- mouse serum prevented viremia and
lamide gel electrophoresis indicated appearance of high VEE viral titers
some deposition of recombinant in the cerebrum but did not reduce
RVF viral antigen in the periplasmic infection of the nasal turbinates or
space. olfactory bulbs after aerosol chal-

We received the X3730 lenge. Foci of VEE antigen were de-
Salmonella strain system with the E. tected by immunohistochemistry in
coli vector, PYA, from Dr. Roy Cur- the olfactory nuclei, basal ganglia,
tiss (Washington University). We hypocampus. amygdala. and main-
will use this stable strain to build milothalamic tracts. The pattern of
RVF virus/enteric vaccine strains. In antigen distribution was not identi-
collaboration with the National cal with the in-vitro binding assay
Cancer Institute, cDNA libraries g- but the regions of viral antigen ac-
gtll were used to 1) screen with con- cumulation were in sites of termina-
ventional antibodies to isolate TGF- tion of tracts labeled in the in-vitro
b growth factor receptor clones and assay. Taken together, these data
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strongly suggest that uptake and dis- blots of normal mouse brain pro-
tribution of VEE in olfactory tracts teins. A unique band of approxi-
occurs after aerosol exposure. This mate mass 17 Kd, bound
could explain the inability of circu- (biotinylated or metabolically
lating antibodies to protect against radiolabeled VEE) as a single band
aerosol-acquired VEE. in normal mouse brain homogenate.

Further studies with the in- Since the band was specifically in-
vitro assay for VEE neurovirulence hibited by non-labeled VEE virus, it
suggested that molecular moieties of is possible that the 17-Kd roiety is
the host receptor for VEE virus a component of the VEE neu-
might be determined in western rotropism receptor.

PRESENTATIONS

Anderson, A. 0. 1988. Lymphocytes: development and biology. Presented at
the University of Pennsylvania, Philadelphia, PA, February.

Anderson, A. 0.. 1988. Physiologic functions of lymphatic tissues. Presented
at the University of Pennsylvania, Philadelphia, PA, February.

Anderson, A. 0.. 1988. Organization of the lymphatic system. Presented at
the Laboratory of Microbiology and Immunology. National Institutes of Health,
Bethesda, MD, March.

Anderson, A. 0. 1988. Cross regulation between mucosal and peripheral im-
munity. Presented at the 18th Annual Joint Immunobiology Meeting, Harper's
Ferry, WV, May.

Anderson, A. 0. 1988. Sociobiology of lymphocytes and mononuclear cells.
Presented at the Roswell Park Memorial Institute, Department of Health, State
of New York, Buffalo, April.

A. 0. Anderson, and J. Ward. 1988. Cell biology of lymphocyte recircula-
tion: implications for AIDS. Presented at the Laboratory of Microbiology and
Immunology, National Institutes of Health, Bethesda, MD, April

Anderson, A. 0., 0. Wood, L. Flschbach, and M. L. M. Pitt. 1987. Mu-
cosal priming alters pathogenesis of Rift Valley fever. Presented at the Cente-
nary Symposium of the Institute Pasteur, Molecular Biology and Infectious Dis-
eases, Paris, France, October.

Pitt, N1. L. M. 1988. Transdiaphragmatic traffic of peritoneal mononuclear
cells to lung interstitium and bronchus associated lymphatic tissues. Presented
at the 18th Annual Joint Immunobiology" Meetitg, Harper's Ferry, WV, May.
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Pitt, M. L. M. 1988. Macrophage traffic and the peritoneal microenvironment.
Presented at the Department of Genetics, Stanford University School of
Medicine, Stanford, CA, June.

Pitt, M. L. M., and A. 0. Anderson. 1988. Adjuvant effects on peritoneal
macrophage traffic to the lung. Presented at the Annual Meeting of the Federa-
tion of American Societies for Experimental Biology, Los Angeles, CA, May.
Abstract was published in The FASEB Journal 2:A1259,1988.

Pitt , M. L. M., and Anderson, A. 0. 1988. Oral Infectivity of Rift Valley
fever virus (RVFV) in AIJ mice. Presented at the 11 th International Convocation
on Immunology. State University of New York, University of Buffalo, The
Ernest Witebesky Center for Immunology. Immunology and Immunopathology
of the Alimentary Canal, Buffalo, NY, June.

PUBLICATIONS

Anderson, A. 0. 1988. Immunophysiology of lymphocytes, organization of
lymphatic tissues, pp. . In J. J. Oppenheim and E. Shevach (ed.), Immunophysi-
ology. The role of cells and cytokines in immunity and inflammation. Oxford
University Press, NY (In Press).

Anderson, A. 0., and J. M. Ward. 1988. Endocytic stripping of ligands from
lymphocytes in high endotheial venules (F1EV): implications for immunomodu-
lation vs viral pathogenesis. Adv. Exp. Med. BioL (In Press).

Anderson, A. 0., L. F. Snyder, M. L. Pitt, and 0. L. Wood. 1988. Mucosal
priming alters pathogenesis of Rift Valley fever. Adv. Exp. Med. BioL (In Press).

Anderson, A. 0., 0. L. Wood, A. D. King, and E. H. Stephenson. 1987.
Studies on anti-viral mucosal immunity using the lipoidal amine adjuvant avri-
dine. Adv. Exp. Med. Biol 2163:1781-1790.

Larsen, C. G., A. 0. Anderson, E. Appella, J. J. Oppenheim, and K. Mat-
sushima. 1988. Identity of the chemotactic cytokine for T-lymphocytes with
neutrophil activating protein (NAP-l): a candidate interleukin-8. Submitted to
Science.

Pitt, M. L. M., and A. 0. Anderson. 1988. Direct transdiaphragmatic traffic
of peritoneal macrophages to the lung. Adv. E.p. Med. Biql. (In Press).
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24. (U) Use immunuoassays to detect mycotoxins in biological/environmental samples.
Develop monoclonal and polyclonal antibodies for use as prophylactic agents. Develop
stable toxin-protein conjugates for possible vaccine use.

25. (U) 8710 - 8809 The T-2 metabolites, HT-2 and T-2 tetraol, can be readily detected
by immunoassay in urines after T-2 exposure, and a potentially fieldable ELISA kit
compared favorably with a standard RIA. Saxitoxin and/or saxitoxin derivatives were
detected by an ELISA immunoassay in clinical specimens from victims exposed to an outbreak
of paralytic shellfish poisoning, demonstrating for the first time the presence of these
toxins in tissues. Goat antisera to brevetoxin (PbTx-3) protected rats exposed to toxic
doses of PbTx-3. After a report of Red Tide, levels of PbTx-3 in field samples of marine
clams and oystert were determined by RIA and the results compared favorably to a standard
mouse bioassay. MHcrocystin-LR was not directly cytotoxic to non-parenchymal endothelial
cells, but hepatocytes treated with microcystin-LR produced metabolites or mediators that
induced permeability changes in endothelial cells.
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PROJECT NO. 3M263763D807: Industrial Base BW
Vaccines/Drugs

WORK UNIT NO. 807-AK-022: Advanced Immunotherapy

Studies Against Toxins

PRINCIPAL INVESTIGATOR: J. F. Hewetson, Ph.D.

ASSOCIATE INVESTIGATOR: R. Solow, CPT, PE.D.

BACKGROUND well established. Detection methods
available include variations of the
radioimmunoassay (RIA) and the en-

Small-molecular-weight tox- zyme-linked immunosorbent assay
ins that lead to death or illness upon (ELISA). The ELISA is most appro-
contact or ingestion are of interest to priate for field use, as it does not
the Army because of their potential employ radioisotopes. Adaptation of
as biological warfare agents. The ELISA technolcgy for toxin detection
toxins we are investigating include and defining treatment effective
T-2 mycotoxin and its metabolites, therapies for toxicosis are the major
saxitoxin and its derivative, breve- goals of this research.
toxin and its derivatives, and micro-
cystin. T-2 toxin is a mycotoxin oc-
curring in moldy grain. It causes al- SUMMARY
imentary toxic aleukia in man and
domestic animals, and has been im-
plicated in biological warfare inci- The T-2 metabolites, hydroxy
dents in Southeast Asia and T-2 (HT-2) and T-2 tetraol, can be
Afghanistan. Saxitoxin is a potent detected by RIA and ELISA in rat
neurotoxin which acts on the sodium urines after intramuscular, oral, or
channel. It has been responsible for dermal exposure of the animals to
many cases of paralytic shellfish poi- the toxins. A potentially fieldable
sonings. Brevetoxin is a polyether ELISA kit was tested with some of
toxin which acts on the sodium the urines; the results compared fa-
channel (at a different site than saxi- vorably with a standard RIA.
toxin). This toxin has been respon- An outbreak of paralytic

"sible for mass fish kills and human shellfish poisoning in Guatemala
health problems. Microcystin, a provided clinical material to confirm
cyclic peptide found in blue-green the validity of a saxitoxin ELISA
algae, is a potent hepatotoxin. It has and membrane assay for toxin detec-
been responsible for many deaths tion in field samples. Four animal
among livestock. The need for rapid, species have been immunized with
reliable, quantitative detection saxitoxin conjugates to produce high-
methods and therapeutic antidotes is
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titer antisera for immunoprophylaxis The flavonoid, silymarin, was
studies. an effective protective agent against

Goat antisera to brevetoxin microcystin-LR-induced toxicity in
(PbTx-3) protected rats exposed to vitro. Microcystin-LR was not di-
lethal doses of the toxin. After a re- rectly cytotoxic to non-parenchymal
port of the occurrence of red tide, endothelial cells, but hepatocytes in-
these antisera were used in a oculated with microcystin-LR pro-
competitive RIA to determine levels duced metabolites or mediators that
of PbTx-3 in field samples of marine induced permeability changes in the
clams and oysters. The assay com- endothelial cells.
pared favorably to a standard mouse
bioassay.

PRESENTATIONS

Ilewetson, J. F., J. E. Beheler, and R. W. Wannemacher, Jr. 1987. T-2
tetraol and HT-2 detection in urines of rats and monkeys exposed to T-2 toxin.
Presented at the Annual Meeting of the American Society of Pharmacology and
Experimental Therapeutics, Honolulu, HA, December.

llewetson, J. F., S. E. Hall, J. I. Smith, and J. E. Beheler. 1988. Compari-
son of an ELISA and sodium channel assay for detection of paralytic shellfish
poisoning in clams and clinical specimens from intoxicated individuals. Pre-
sented at the Annual Meeting of the Federation of the American Societies for Ex-
perimental Biology, Las Vegas, NW, May.

Hewetson, J. F., R. W. Wannemacher, Jr., and R. J. Hawley. 1988. Detec-
tion of T-2 mycotoxin and its metabolites in urines of exposed rats. Comparison
of a potentially fieldable kit with a laboratory assay. Presented at the Army Sci-
ence Conference, Westpoint, NY, June.

Pace, J. G., N. A. Robinson, and M. A. Poll. 1987. In vitro measurement of
intrinsic clearance predicts hepatic extraction ratio of PbTx-3. Presented at the
1st International Symposium on Red Tides, Takamatsu City, Japan, November.

Solow, R., K. A. Merelsh, G. W. Anderson, Jr., ind J. Hewetson. 1989.
Effect of microcystin-LR on cultured rat endothelial cells. Presented at the An-
nual Meeting of the Society of Toxicology, Atlanta, GA, February-March.

Templeton, M. J., M. A. Poll, and R. D. LeCla-re. 1987. Effectiveness of an
antibody to Florida red tide dinoflagellate toxin PbTx-2 in conscious rats. Pre-
sented at the International Symposium on Red Tides, Takamatsu City, Japan,
November.
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Templeton, C. B., NI. A. Poll, R. D. LeClaire, and R. Solow. 1988. An an-
tibody to prevent effects of brevetoxin poisoning in conscious rats. Presented at
the Army Science Conference, Westpoint, NY, June.

PUBLICATiONS

Chanh, T. C., E. P. Reed, R. 1. Iluot, M. R. Schick, and J. F. Hewetson.
1988. Anti-idiotype antibodies against a monoclonal antibody specific for the
trichothecene mycotoxin T-2. Submitted to Biophys. Biochem. Res. Commun.

Hewetson, J. F., J. G. Pace, and J. E. Beheler. 1987. Detection and quanti-
tation of T-2 mycotoxin in rat organs by radioimmunoassay. J. Assoc. Off. Anal.
Chem. 70:654-657.

/1 Hewetson, I. F., R. W. Wannemacher, Jr., and R. J. Hawley. 1988. Detec-
tion of T-2 mycotoxin metabolites in urines of exposed rats. Comparison of a po-
tentially fieldable kit with a laboratory assay. Submitted to Proc. Army Sci.
Conf.

Hewetson, I. F., R. W. Wannemacher, and R. J. Hawley. 1988. Immuno-
detection of T-2 metabolites in urines of rats after dermal, oral, or intramuscular
exposure to T-2. Submitted to Fund. Appl. Toxicol.

Poll, M. A. 1988. Metabolism and excretion of brevetoxin PbTx-3 in rats and
isolated rat hepatic cells. Toxicon 26:36.

Poll, M. A. 1988. Laboratory procedures for detoxification of equipment and
waste contaminated with brevetoxins PbTx-2 and PbTx-3. J. Assoc. Official Anal.
Chemists (In Press).

Templeton, C. B., and M. A. Poll. 1988. Cardiorespiratory effects of breve-
toxin PbTx-2 in conscious rats. Toxicon 26:43.

Templeton, C. B., M. A. Poll, and R. D. LeClaire. 1988. An antibody to
prevent the effects of brevetoxin poisoning in conscious rats. Submitted to Proc.
Army Sci Conf.
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PROJECT NO. 3M463750D809: Development of Drugs and Vaccines

Against Diseases of BW Importance

WORKUNIT NO. 809-AC-OOh: Vaccine, Q Fever

PRINCIPAL INVESTIGATOR: J. C. Williams, CDR, Ph.D.

ASSOCIATE INVESTIGATORS: G. F. Meadors, LTC, M.D.
D. M. Waag, Ph.D.

BACKGROUND phase I vaccine (IND 610). The criteria
used were that individuals positive by at

Coxiella burnetdi, the causative least two of the tests would not be vacci-
agent of Q fever, is considered by most nated. Vaccine was not given to 46% of
experts to have those properties which the tested individuals. Of those receiving
make it a potential candidate for vaccine, no adverse reactions were noted.
biological warfare. The existing The responses before and after
formaldehyde-inactivated, 1'ase I whole vaccination were evaluated to develop
cell vaccine is reasonably effective, but experimental values that may be
exhibits undesirable effects in predictive of protective immunity. No
previously sensitized individuals. A correlation between skin test data and
broad program is ongoing to develop and either humoral or cell-mediated re-
produce improved subunit vaccines. sponses could be established. However,

about 80% and 65% of humoral antibody
SUMMARY and cell-mediated responses were two

standard deviations ',95% confidence
Individuals at risk of acquiring Q interval) above the pre-vaccination mean

fever in the laboratory were evaluated by values. The low conversion rate (80% and
measurement of humoral antibody titer 65%) is probably due to the low tolerable
(ELISA), cell-mediated response (in vitro dose of the phase I vaccine.
lymphocyte proliferation), and delayed The pilot lot of the chloroform-
hypersensitivity (skin test) before and methanol residue (CMR) vaccine for C.
after administration of a formaldehyde- burnetdi has been produced. Sterility tests
inactivated, and composition evaluations are ongoing.

Pre-clinical testing will commence in
FY88.

PRESENTATIONS

Waag, D., mrod J. C. Williams. 1937. Identification of suppressor cells induced
following injection of C57BI/O SeN mice with phase I Coxiella burnetii whole cells.
Presented at the American Physiology Society Annual Meeting, Federation of
Amer cam Societies for Experimental Biology, Washington, D. C., April.
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patients under conditions of total (P-4J) biohazard containment to prevent the possible
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PROJECT NO. 3S464758D847: Medical Defense Against Diseases
of BW Importance

WORK UNIT NO. 847-AN-002: Vaccine, Advanced Development

PRINCIPAL INVESTIGATOR: T. M. Cosgriff, COL, M.D.

ASSOCIATE INVESTIGATORS: A. J. Galloway, CPT, M.D.
F. J. Malinoski, MAJ, M.D.

BACKGROUND Chilwngunya Vaccine. During
fiscal year 1988, chikungunya viral
vaccine: live, attenuated, dried TSI-

As part of the task of develop- GSD-218, was tested in an addi-
ing vaccines to meet the biological tional 11 volunteers, bringing the to-
warfare threat, Phase I and Phase 11 tal immunized to date to 40. No sig-
clinical trials of candidate vaccines nificant adverse reactions occurred
are conducted by the medical Divi- in any volunteer. Minor complaints
sion. If these trials demonstrate that have been equally common in vacci-
a vaccine is safe and immunogenic, hated and control groups. The vac-
Phase III studies are conducted in cine has been uniformly effective in
larger numbers of volunteers and, eliciting neutralizing antibody in all
when possible, in endemic areas. recipients.

Tularemia Vaccine. During
SUMMARY fiscal year 1988. 18 volunteers par-

ticipated in initial safety and effi-
Q-fever Vaccine. During fiscal cacy trials of Francisella tularensis

year 1988, Q-fever vaccine, inacti- vaccine (live, TSI-GSD-213, Lot IR)
vated, freeze-dried, NI)BR 105, con- Nine of these volunteers received the
tinued to undergo clinical testing. vaccine and nine received a placebo.
Over 180 volunteers have partici- All volunteers who received tie vac-
pated in the study to date. We have cine developed a characteristc local
observed no significant adyerse reac- lesion at the site of inoculation and
tions, and no cases of laboratory-ac- experienced a rise in antibody titers.
quired disease have occurred among Three of the nine who received the
vaccinated persons. No correlation is vaccine had evidence of transient
apparent among skin-test results and liver dysfunction. Clinical trials
measurvmects of cellular and hu- have been suspended indefinitely
moral immunity, before or after pending further evaluation of the ef-
immunization. fecrs of the vaccine on liver function.
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23. TECHNICAL OBJECTIVE 24 APPROACH 25 PROGRESS eP•'eds test of each with Scurity C"4•ifiention Code)

23. (U) Develop the drug ribavirin as an antiviral for treatment of viral diseases of
military Importance. A literature search has been done. DTIC search has been filed In
the 1498 file.

24. (U) Perform clinical trials to evaluate efficacy and toxicity of prophylactic drugs
in accordance with regulatory requirements.

25. (U) 8710 - 8809 A research protocol for a prospective, prophylactic, clinical study
in volunteers evaluating the efficacy of ribavirin against dengue 2 virus was completed.
Studies evaluating ribavirin prophylaxis against dengue viremia In rhesus monkeys failed
to show ribavirin therapy effective In reducing viremia. On the basis of these results,
the clinical protocol has been placed on hold until additional animal studies are
perf ormed.
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PROJECT NO. 3M463750D809: Development of Drugs and
Vaccines Against Diseases of BW
Importance

WORK UNIT NO. 809-BA-004: Ribavirin

PRINCIPAL INVESTIGATOR: J. W. HuggirAs, Ph.D.

BACKGROUND military operations. A number of
compounds recently have been

Although most viral diseases approved by the Food and Drug
are not associated with high Administration for the prevention or
mortality and are self-limiting, treatment of viral diseases. These
certain disease outbreaks, such as compounds have extremely narrow
the influenza pandemic of 1918-19, spectra of activity. In contrast, the
can be associated with great loss of new antiviral drug, ribavirin,
life. Exotic viral diseases, about appears to provide broad-spectrum
which we know very little and with activity. Our studies are to evaluate
which we are presently unable to in humans the efficacy of putative
cope, occur in many areas of the antivirals against viruses of military
world. Many viruses with the importance.
potential for inducing illness of high
morbidity and mortality remain SUMMARY
endemic in certain areas of the
world; notable examples are Rift
Valley fever, Lassa fever, and Ebola Studies evaluating ribavirin
fever in Africa; Argentine and prophylaxis against dengue viremia
Bolivian hemorrhagic fevers in South produced by experimentally
America; and hemorrhagic fever with infecting primates failed to
renal syndrome in Asia. Numerous demonstrate any reduction in
other examples are easily cited. viremia. Based on this information,
Broad-spectrum antiviral agents the protocol was not implemented,
would be welcome insurance against pending additional preclinical
the threat of viral outbreaks during studies.

PRESENTATIONS

Mainoski, F. J., S. Hasty, J. NI. Dalrymple, and P. G. Canonlco. 1988.
Prophylactic ribavirin treatment of dengue type 1 infection in rhesus monkeys.
Presented at the Second International Conference on Antiviral Research,
Williamsburg, VA. Abstract is published in Antivirad Res. 9:131.
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23. (U) To develop, standardize, then conduct field tests of developed, rapid diagnosis
assays. To support extramural contracts in rapid diagnosis. To assess availability and
suitability of commercial reagents for use in rapid detection assays for viruses affecting
U.S. military personnel. A literature search has been done. DTIC search has been filed
In the 1498 file.

24. (U) Employ Immunoassay methods to develop and evaluate rapid a&says for diagnosis of
viral diseases of natural or BW threat to the military. When possible, test these assays
at field laboratories using epidemiologically relevant samples. Develop and supply for
extramural rapid diagnosis projects standardized reagents, safety-tested and efficacy-
tested.

25. (U) 8710 - 8809 Testing of rapid identification/diagnoslis assays for Korean
hemorrhagic fever (KXF) was extended by aprlying newly available bioengineered expression
products which greatly sImplified test reagent production. The KHF system has been shown,
with relevant field samples from our repository, to meet or surpass the previous test,
which used inactivated authentic viral proteins. These and similar products are being
furtier refined as a safe and inexpensive source of viral diagnostic antigens in current
and emerging technology assays. Diagnostic support of efficacy trials for chikungunya and
Argentine hemorrhagic fever vaccine is continuing. A genus-3pecific assay for
leptospirosis has been further tested in Asia, Australia, and 5outh America and data
continue to suggest this assay is a rapid and effective means of diagnosis. Tenhnical
evaluation of contractor-developed assays were carried out for the rapid Identification
system. Consultation and reagents continue to be provided to extramural contractors
Ifunded by USAMRDC• USAYM.DA, and USACRDEC.
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PROJECT NO. 3M463750D809: Development of Drugs and Vaccines
AgainstDiseases of BW Importance

WORK UNIT NO: 809-EA-005: Rapid Identification and Diagnosis
System

PRINCIPAL INVESTIGATOR: J. W. LeDuc, LTC, Ph.D.

ASSOCIATE INVESTIGATORS: T. G. Ksiazek, LTC, D.V.M.
J. M. Meegan. CDR, Ph.D.
R. R. Graham, MAJ, D.V.M.
K. T. McKee, Jr., MAJ, M.D.
C. A. Rossi

BACKGROUND present might be an infected ser-
viceman, and because some diseases

The objectives of this study do not produce a detectable antigen-
are to conduct field tests of rapid di- emia during clinical disease, we
agnosis/identification assays; to made an attempt to develop rapid IgM
evaluate clinical specimens to estab- antibody-detection assays for each
lish is rapid diagnosis can best be agent. In previous years, we estab-
achieved by detecting antigen or lished that assays for antigen detec-
early immunoglobulin M (IgM) anti- tion and, in some cases, early IgM
body; and to provide a technical sup- antibody can rapidly diagnose pa-
port base for USAMRIID, the U. S. tients presenting with a number of
Army Medical Materiel Development militarily relevant diseases.
Activity (USAMMDIA), and the U. S.
Army Chemical Research Develop-
ment and Engineering Command SUMMARY
(USACRDEC) internal and extramu-
ral programs aimed at developing
novel rapid detection/identification Field tests of rapid identi-
systems. The main technology used fication/diagnosis assays for Hantaan
is the enzyme immunoas3ay. Field virus, cause of hemorrhagic fever
tests were conducted in areas of the with renal syndrome, were contin-
world where the viruses or bacteria ued in Korea, and extended to study
are endemic. In earlier studies, as- sites in Greece and Yugoslavia,
says were transported to OCONUS where an especially severe form of
laboratories in developing countries, the disease exists. Results continue
and testing revealed they were to indicate that, at admission, diag-
durable, rapid, simple, sensitive, nosis of the complex of diseases is
and reproducible. best established by demonstration of

Our main goal is to detect specific IgM antibody. In addition,
antigen in clinical or environ-mental information was obtained to suggest
specimens within 2 to 3 h. Because that the assay works well with a
the first indication that a disease is number of viruses closely related to
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prototype Hantaan, but is less sensi- under field conditions our rapid di-
tive in the diagnosis of nephropathia agnosis assays for this RVF virus
epidemica due to Puumala virus, a with a large collection of authentic
more distantly related Hantavirus. human and animal specimens. We

Field evaluations of the lep- were able to evaluate the antigen-
tospirosis assay were conducted in capture immunoassay and compare it
Barbados, Brazil, Korea, Australia, with standard virus isolation and
Malaysia, Thailand, and with sera identification procedures and found
from several locations in the United that the antigen-cap'ure immunoas-
States. The test was found to detect say was 30% as sensitive, detecting
rapidly specific anti-Leptospira IgM antigen in 24 of 82 human serum
antibodies in sera obtained 4-7 days samples from RFV virus was iso-
after onset of illness in acutely ill lated, and 97% as specific, with two
patients. These antibodies may per- false-positive sera out of 61 RVF
sist for 1 year or more; conse- virus-negative samples. Although the
quently, measurement of both IgM sensitivity of the antigen-capture
and IgG antibodies on at least two immunoassay was low in comparison
serum samples is required to confirm with traditional virus isolation and
the diagnosis. Nonetheless. a pre- identification methods, this short-
sumptive diagnosis can be made on a coming was more than offset by its
single serum sample obtained early speed and simplicity. Traditional
in the disease course when effective procedures require at least 1 week
antibiotic therapy can be imple- for isolation and identification and
mented. require the use of cell culture or lab-

An extensive epidemic/ epi- oratory animals, as well as other,
zootic of Rift Valley fever (RVF) oc- more sophisticated resources, while
curred in October 1987 in Maurita- the immunoassay requires less than
nia and Senegal. This outbreak of- 3 h and minimum equipment.
fered us the opportunity to validate

PRESENTATIONS

Antonlades, A., J. W. LeDuc, N. Malisiovas, and K Pappas. 1988. ELISA M
capture for diagnosis of ttFRS. Presented at the First International Symposium
on Hantaviruses and Crimean Congo Hemorrhagic Fever Viruses, Porto Carras,
Halkidiki, Greece, September.
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Cosgriff, T. M., C. M. Hsiang, J. W. Huggins; M. Y. Guang, J. IL Smith, Z.
0. Wu, J. W. LeDuc, Z. M. Zheng, J. M. Meegan, C. N. Wang, P. H.
Gibbs, X. E. Gui, G. W. Yuan, and T. M. Zhang. 1988. Predictors of fatal
outcome in the severe form of hemorrhagic fever with renal syndrome (HFRS).
Presented at the First International Symposium on Hantaviruses and Crimean
Congo Hemorrhagic Fever Viruses, Porto Carras, Halkidiki, Greece, September.

Graham, R. R. 1988. Current trends in veterinary laboratory operations. Pre-
sented at the Brooke Army Medical Center Annual Meeting for Veterinary Offi-
cers, Fort Sam Houston, TX, May.

Huggins, J. W., T. M. Cosgriff, J. I. Smith, J. W. LeDuc, and J. M. Mee-
gan. 1988. Intravenous ribavirin therapy for hemorrhagic fever with renal
syndrome: Korean hemorrhagic fever (Korea) and epidemic hemorrhagic fever
(Peoples' republic of China). Pretented at the Annual Meeting of the Society of
Armed Forces Medical Laboratory Scientists, Reno, NV, March.

Huggins, J. W., C, M. Hsiang, T. M. Cosgriff, M. Y. Guang, J. I. Smith, Z.
A. Wu, J. W. LeDuc, Z. M. Zheng, J. M. Meegan, C. N. Wang, X. E. Gui,
K. W. Yuan, T. M. Zhang, and H. W. Lee. 1987. Intravenous ribavirin
therapy of hemorrhagic fever with renal syndrome (IFRS). Presented at the 36th
Annual Meeting of the American Society of Tropical Medicine and Hygiene, Los
Angeles, CA, November-December.

Huggins, J. W., C, M. Hsiang, T. M. Cosgriff, NI. Y. Guang. J. 1. Smith, Z.
A. Wu, J. W. LeDuc, Z. M. Zheng, J. M. Meegan, C. N. Wang, X. E. Gui,
K. W. Yuan, P. H. Gibbs, and D. D. Oland. 1988. Treatment of HFRS with
high dose intravenous ribavirin. Presented at the First International Symposium
on Hantaviruses and Crimean Congo Hemorrhagic Fever Viruses, Porto Carras,
Halkidiki, Greece, September.

Korch, G., J. Childs, G. Glass, and J. W. LeDuc. 1987. Epizootiology of
hantaviruses in diverse habitats in Baltimore, MID, USA. Presented at the 36th
Annual Meeting of the American Society of Tropical Medicine and Hygiene, Los
Angeles, CA, November-December.

Kslazek, T. G., R. R. Graham, J. W. LeDuc, and C. J. Peters. 1988.
Equine encephalitides in the Americas. Presented at the 125th Annual Meeting
of the American Veterinary Medical Association, Portland, OR, July.
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Importance
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BACKGROUND Rift Valley fever virus was
confined to sub-Saharan Africa.

Chikungunya (CHIK), an rarely causing serious illness in man.
arthropod-borne alphavirus, which until 1975, when deaths occurred in
produces a dengue-like illness in South Africa. In 1977, the virus
man, is found throughout Africa, spread to Egypt where an increased
Southeast Asia, the western Pacific, incidence of lethal human disease
and India, where it often causes epi- made self-evident the need for a
demics. Despite its widespread geo- more effective vaccine. In 1982, in-
graphic distribution, individual vestigators at USAMRIID and the
strains of CHIK are closely related University of Alabama, Birmingham,
antigenically, thereby allowing a received a grant from the U.S./lsrael
vaccine to provid.. 'iroad-spectrum BARD Fund to initiate a program to
protection against he.erotypic strains develop a live, attenuated vaccine by
of this virus as well as against the passage of the virus in the presence
antigenically related viruses of of mutagenic chemicals. A candidate
O'nyong nyong, Mayaro. and Ross vaccine was developed, and master
River. Using CHIK strain 15561, a and production seeds and several lots
southeast Asian, human isolate irom of candidate vaccine were prepared
a mild case of CHIK fever, we devel- in vaccine-quality MRC-5 cells by
oped a vaccine by a series of plaque- The Salk Institute. Field trials are
to-plaque passages in certified NRC- being conducted in South Africa and
5 cells. Master and production seeds Senegal.
and vaccine were produced and pre-
clinically tested in compliance with SUMMARY
both the Good Laboratory Practices
and the Good Manufacturing Prac- Phase I clinical evaluations of
tices Regulations. An Investigational the new live, attenuated CIIIK vac-
New Drug submission was approved cine (CHFIK 181/Clone 25) continued.
by the Office of Biolugical 1i, ,-rh Seven groups of vo,!nteers, corn-
and Review, Food and Drug Admia- pHr` -! of 21 principals and 19
istration, in July 1986 (IND 2426). placebo c.w!,, wore used in a dou-
Phase 1 clinical trials are in progress. ble-blind study. Scronrý i F.iýe volun-
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teers were given placebo or 105 PFU virus group, 2.7 logio/ml of virus
of CHIK vaccine s.c. Minor clinical were found in the liver of one mon-
abnormalities were seen occasionally key, < 2.7 logio/ml from the lymph
in principal and control groups. All nodes of three of five tested, while >
vaccinated volunteers seroconverted, 5.1 loglo/ml were seen in the brains
as detected by the 80% plaque-re- of all five monkeys.
duction serum neutralization test. Studies to determine the ge-
Peak titers occurred on day 28 post netic stability of the live, attenuated
vaccination (range: 1:80 to 1:2560). Rift Valley fever candidate vaccine
Immunoglobulin M levels rose after are in progress. Serial passage studies
10 days and peaked on day 21. Low in two- to four-day-old lambs, de-
level, transient viremias were seen signed to evaluate reversion to viru-
in 6 of 18 vaccine recipients. Clinical lence of the candidate vaccine, were
trials are continuing, not possible due to the low viremia

Mutagen-attenuated, ZH-548, that occurred in this extremely sen-
MP12 strain, Rift Valley fever mas- sitive host. However, genetic stabil-
ter and production seeds and several ity during four serial passages in cell
immunofluorescence and pathology culture has been demonstrated, as
studies from the monkey neuroviru- measured by plaque size and mor-
lence study were reported last year. phology, which remained unchanged.
Low levels (, 4.3 loglo/ml) of virus Moreover, all four cell culture pas-
were demonstrated in the spleen of sages of the vaccine viral strain re-
one of five monkeys in the candidate mained non-lethal for mice (defined
vaccine group, and in one of five in as the killing of <10% of mice irocu-
the production seed group in contrast lated with varying dilutions' ind did
to two of five that received the not lose the ability to protect against
Smithburn vaccine and five of five challenge with lethal Rift Valley
parent virus recipients. Virw was not fever virus. Studies in progress will
detected in brains, spinal cords, or determine if the vaccine viral strain
livers of monkeys receiving candi- will remain non-lethal for mice after
date vaccine or production seed; mouse passage of high-titer brain tis-
whereas 1.7 loglo/ml of virus were sue harvested from mice inoculated
seen in the cord of one monkey that with tenfold dilutions of the vaccine
received the Smithburn vaccine and virus or tenfold dilutions of samples

4.4 loglo/ml in all five that re- of the four subsequent serial cell
ceived parent virus. In the parent culture passages.
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213, Lot 1R was begun. During fiscal year 1988, 18 volurteers participated in initial
safety and efficacy trials. Nine of these volunteers re~eived the vaccine and 9 received
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BACKGROUND

Francisella tularensis, the received the vaccine developed a
causative agent of tularemia, is con- characteristic local lesion at the site
sidered a potential candidate for bio- of inoculation and had rises in their
logical warfare. A live, attenuated antibody titers (determined by
strain of the organism has been in hemagglutination). A lymphocyte
use as a vaccine since the early transformation assay was developed
1960s. New lots of the vaccine, with whole-cell antigen. Lymphocyte
however, have been produced for use transformation data also suggested
in individuals at risk of infection, that the vaccine was immunogenic.

Three of the nine volunteers who re-
ceived the vaccine had evidence of
transient liver dysfunction. Clinical

SLUMMARY trials have been suspended indefi-
nitely, pending further evaluation of

Phase I testing of Francisella the effects of the vaccine on liver
tularensis vaccine, live, TSI-GSD- function.
213, lot IR, was begun. During fiscal
year 1988, 18 volunteers partici-
pated in initial safety and efficacy
trials. Nine of these volunteers re-
ceived the vaccine and nine received
placebos. All volunteers who
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seropositive individuals, a larger-
BACKGROUND scale safety trial, and an efficacy

trial. The efficacy trial will be a
A United Nations Develop- double-blind, placebo-controlled

ment Project jointly conducted by study in ,6500 individuals selected
U.S. and Argentine investigators re- from a population with a disease in-
sulted in development of Candid #1 cidence of '44 cases per 10,000 in-
strain Argentine hemorrhagic fever dividuals over two endemic seasons.
(Junin virus) vaccine at USAMRIID. Thus, a threefold reduction in dis-
Master seed, production seed, and ease will demonstrate vaccine effi-
vaccine were produced and preclini- cacy with 95% confidence and an
cal testing was completed in compli- 80% power.
ance with Good Laboratory Practices
and Good Manufacturing Practices SUMLMARY
Regulations, as well as with vaccine
requirements for the United States Phase I clinical trials to determine
and Argentina. Preclinical data were the safety and immunogenicity of
documented in an Investigational the live, attenuated, Candid #1
New Drug (IND) submission. Clinical Junin viral vaccine ,.-tinued. An
protocols were approved and vaccine additional 121 volunteers were
has been administered to small studied, bringing the total to 191 (92
groups of research volunteers at US- Americans and 99 Argentinians). Us-
AMRBID since October 1985. Prelim- ing a recently developed, sensitized
inary data from Phase I clinical stud- C'PRN test (S-C'PRNT) to evaluate
ies indicate that the vaccine is safe response to the Candid #1 vaccine,
and immunogenic. Field testing of we observed seroconversion in 112
the vaccine will be conducted at the of 117 (96%) vaccinees. These results
Instituto Nacional de Estudios sobre compare favorably with the 100%
Virosis flemorragicas in Pergamino, seroconversion rate seen in the 70
Argentina, over the next 3 years, volunteers studied last year by
Adequate experimental design has means of C'PRNT. ELISA, fluores-
necessitated a small safety trial in cent antibody, and lymphocyte

transformation. In addition, we re-
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evaluated duration of immunity by positive (one with both) animals:
using the SC'PRNT and IgG ELISX. analysis by macro- and micro-habi-
Although the positive responses by tat. trap location, and gastric contents
ELISA decreased gradually from are ongoing.
53/58 (91%) at 6 months to 3/10 The ability of the Candid #1
(30%) at >21 months, the S-C'PRNT vaccine to induce cross-protection
demonstrated 64-/64 positive re- against Machupo virus (causative
sponses at 6 months post vaccination, agent of B'Aivian hefer-h2g.c ++'er)
which persisted in 9/10 (90%) at '21 was studied in rhesus monkyvs. Two
months. As indicated, the ELISA dosage groups were used: six animals
yielded 50 to 60 % false negatives received 3 PFU of Candid #1 and six
and will therefore not be used rou- received 103 PFU. s.c. Immunization
tinelv in the future. unless a more resulted in significant levels of ho-
sensitive asay is developed. Based mologous PRN antibody in 11/12 an-
on these daLa. the "marginal humoral imals, and Machupo virus-neutraliz-
immunogenicity" credited to this vac- ing antibody in 3/12. After subcuta-
cine in earlier assays appears incor- neous challenge with 103 PFU of
rect. Sera from the first phase I tests Machupo virus. 12/12 normal chal-
will be retested to determine if sub- lenge controls developed erythema-
optimum early results were a reflec- tous rashes, hemorrhagic nasal dis-
tion of an inadequate assay system. charges. and bloody diarrhea. All
Neurovirulence tests on three re- became anorectic and dehydrated.
cently produced lots of Candid 11 Machupo viremia peaked at 4-7 logl0
have been completed; all lots passed. PFU/ml at 17 days post challenge.

More than 7200 volunteers This coincided temporally with mod-
have been identified and enrolled est peak elevation in serum enzymes,
for the Caudid *1 double-blind, prolonged prothrombin and partial
placebo-controlled field efficacy prothrombin times, decreased coag-
trial scheduled to begin 3 October ulation factor levels, increased FDP
i988. We expect that 300-500 of levels, and decreased platelet coants.
these indivi.tuals will be excluded All 12 of these animals died
on medical or other entry exclusion- between days 17-42 post challenge.
arv criteria, yielding at least the re- In contrast. all clinical parameters of
q(pired 6500 sample size (ha!f in the vaccinated. Machupo-challenged
each ,roup) calculated to he neces- animals remained normal. Viremia
sarv to give 90% efficacy at 80% occurred in two out of six given only
power over a 2 -year follow-up. 3 PFU of C A1. which ranged from

A\n .cOloZical study to evalu- 75-775 PFU/ml for several days. The
ate the prevalence and dty-namics of remaining 10 animals show'ed no
J111111 virus among rodent popula- viremia from days 1-27 post chal-
ti,,ns in the endemic areas by trap- lenme. and survived in good health.
out and mark-recapture techniques is These results stronglv suggest that
pro, •eling well. More than 1800 to- Candid 01 will provide strong cros-

tal Captures of Calomvs, Akadon. protection against disease caused l,y
amid Oryzomys species have yielded Machupo virus.
17 ant)ii-poitive and 12 antibodv-
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PRESENTATIONS

Barrera Oro, J. G., R. Kenyon, J. Meegan, K. McKee, C. MacDonald, F.
Cole, H. Lupton, and C. J. Peters. 1987. The immune response to Candid #1
(C#1): a live-attenuated Junin virus vaccine against Argentine Hemorrhagic Fever
(AHF). Presented at the 36th Annual Meeting of the American Society of Tropical
Medicine and Hygiene, Los Angeles, CA, November-December..

Barrera Oro, J. G., H. W. Lupton, P. B. Jahrling, J. Mecgan, R. I1.
Kenyon, and C. J. Peters. 1988. Cross-protection against Machupo virus with
Candid #1 live-attenuated Junin virus vaccine. 1. The postvaccination-prechal-
lenge immune response. Presented at the Second International Conference on the
Impact of Viral Diseases on the Development of LUtin American Countries and
the Caribbean Region. Mar del Plata, Buenos Aires. Argentina. March.

Lupton, If. W., P. B. Jahrllng, J. G. Barrera Oro, and C. J. Peters. 1988.
Cross-protection against Machupo virus with Candid *ý] live-attenuated Junin
virus vaccine. II. Post-challenge virological and immunologcal findings. Pre-
seated at the Second International Conference on the Impact of Viral Diseases on
the Development of Latin American Countries and the Caribbean Region. Mar
del Plata. Buenos Aires. Argentina. March.
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preclinical studies will be studied In rigorous clinical trials after extensive scientific
and ethical reviews.
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PROJECT NO. 3S464758D847: Medical Defense Against Diseases
of BW Importance

WORK UNIT NO. 809-AN-002: Vaccine, Advanced Development

PRINCIPAL INVESTIGATOR: T. M. Cosgriff, COL, M.D.

ASSOCIATE INVESTIGATORS: A. J. Galloway, CPT, M.D.
F. J. Malinoski, MAJ, M.D.

BACKGROUND Chikungunya Vaccine. During fiscal
year 1988, chikungunya viral
vaccine: live, attenuated, dried TSI-

As part of the task of develop- GSD-218, was tested in an addi-
ing vaccines to meet the biological tional 11 volunteers, bringing the to-
warfare threat, Phase I and Phase H tal immunized to date to 40. No sig-
clinical trials of candidate vaccines nificant adverse reactions occurred
are conducted by the medical Divi- in any volunteer. Minor complaints
sion. If these trials demonstrate that have been equally common in vacci-
a vaccine is safe and immunogenic, nated and control groups. The vac-
Phase III studies are conducted in cine has been uniformly effective in
larger numbers of volunteers and. eliciting neutralizing antibody in all
when possible, in endemic areas. recipients.

Tularemia Vaccine. During fiscal
SUMMARY year 1988. 18 volunteers par-

ticipated in initial safety and effi-
Q-fever Vaccine. During fiscal year cacy trials of Francisella tularenmsiv
1988, Q-fever vaccine, inactivated, vaccine (live, TSI-GSD-213, Lot 111)
freeze-dried. NDBR 105, continued Nine of these volunteers received the
to undergo clinical testing. Over 180 vaccine and nine received a placebo.
volunteers have participated in the All volunteers who received the vac-
study to date. We have observed no cine developed a characteristic local
significant adverse reactions, and no lesion at the site of inoculation and
cases of laboratory-acquired disease experienced a rise in antibody titers.
have occurred among vaccinated Three of the nine who received the
persons. No correlation is apparent vaccine had evidence of transient
among skin-test results and liver dysfunction. Clinical trials
measurements of cellular and hu- have been suspended indefinitely
moral immunity, before or after pending further evaluation of the ef-
immunization. fects of the vaccine on liver function.
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23. (U) Develop the drug ribavirin as an antiviral for the treatment of viral diseases J
or military importanc3. A literature search has been done. D~TIC search has been filed in
the 1498 file.

24. (U) Conduct Phase III clinical trials appropriate for the development and FDA
approval or ribavirin fro the p~rophylaxis or treatment of serious viral Infections.
Establish liaison with medical authorities in appropriate arCas to study the diseases.
Design clinical trials and obtain appropriate U S and host country study clearances for
conducting human tril&I. Conduct clinical trials to evaluate efficacy and toxicity in
accordance with regulatory requirementz.

25. (U) 8710 -. 8809 Analysis of the results of a clinical trial of the efficacy of
ribavirin in treatment of clinically IlI patients With the Chinese variant of hemorrhagic
rever with renal syndrome was completed and a statistical Summwary prepared. Preparation
of the materials, Including supporting documentation, for the clinical section for a New
Drug Application to be filed with the FDA was crompleted. Three additional patients were
treated with ribavirin at U.S. military facilities.
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PROJECT NO. 3S464758D847: Medical Defense Against Diseases of BW

Importance

WORK UNIT NO. 847-BA-003: Ribavirin

PRINCIPAL INVESTIGATOR: J. W. Huggins, Ph.D.

BACKGROUND renal damage in five overlapping
phases are known collectively as

Ribavirin (1-3p-D-ribofura- hemorrhagic fever with renal syn-
nosyl-l,2,3-triazole-3-carboxamide), drome (IFRS). Existing therapy con-
a nucleoside analogue with a close sists of intensive fluid and elec-
structural resemblance to guanosine, trolyte management and treatment of
has been found to inhibit signifi- symptoms. In a prospective, random-
cantly a broad spectrum of both DNA ized, double-blind, placebo-con-
and RNA viruses. Ribavirin is the trolled, clinical trial, patients were
only antiviral agent which has been administered intravenous ribavirin
shown to have efficacy in the ther- or placebo. Mortality was signifi-
apy of respiratory syncytial virus cantly reduced among ribavirin,
(HSV) infection. Other clinical stud- compared to placebo-treated, patients
ies have shown that ribavirin is ef- when comparisons were adjusted for
fective for treating of Lassa fever in baseline risk estimators of mortality
man. In these studies, patients with [total serum protein and AST (SGOT)]
an admission viremia of - 105-6 using a stepwise logistic procedure
TCID) ml were found to have a - 73% 1p=0.0 47 (two-tailed)]. Treatment ii-
case fatality unless treated with in- tiated by the fourth day of fever
travenous ribavirin within the first 6 showed maximum drug intervention
days of illness when the mortality with reduction in kidney damage, a
rate was reduced 8%, compared to major component of the disease. Rib-
43% in those patients treated after avirin treatment decreased serum
day 6. This work unit expands these creatinine, proteinuria, duration,
clinical trials by examining the effi- and magnitude of hypertension, and
cacy of ribavirin in two other mili- edema; and improved serum sodium
tarily relevant, viral diseases: hem- regulation and total urinary sodium
orrhagic fever with renal syndrome excretion. Ribavirin therapy also re-
(HFRS) and Argentine hemorrhagic duced the duration of hypotension;
fever (A11F). and decreased maximum white

blood cell counts and hemorrhagic
SUIMMARY manifestations by increasing

platelets, and decreasing petechiae
Geographically diverse but and ecchymosis. Ribavirin shortened

clinically similar human diseases the duration of each post-febrile
caused by flantaan viruses and char- clinical phase, with significant ef-
acterized by fever, hemorrhage, and fects on the duration of hypotensive
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and oliguric phases, while resulting intravenous ribavirin therapy at ap-
in an earlier onset of the polyuric propriate doses has provided the first
phase. The only significant side ef- effective drug therapy for early
feet was a reversible anemia, and treatment of HFRS.
reticulocytoses was a A impaired.
The results of this study show that

PRESENTATIONS

Huggins, J. W. 1987. China trials with ribavirin [intravenous ribavirin therapy
of heniorrhagic fever with renal syndrome (HFRS)I. Presented at the Symposium.
Joint Immunology Boards and Viral Diseases Panels, U.S. - Japan Cooperative
Medical Sciences Program, U.S. Department of State, Monterey. CA, December.

11uggirL9, J. W., C. M. Ilstang, T. M. Cosgriff, M. Y. Guang, J. 1. Smith,
Z. A. Wu, J. W. LeDuc, Z. M. Zlieng, J. M. Meegan, C. N. Wang, X. E.
Gul, K. W. Yuan, T. M. Zhang, and II.W Lee. 1987. Intravenous ribavirin
therapy of hemorrhagic fever with renal syndrome (tIFRS). Presented at the 36th
Annual Meeting of the American Society of Tropical Medicine and Hygiene. Los
Angeles. CA. December.

Hluggins, J. W., C. M. lislang, T. M. Cosgriff, M. Y. Guang, J. 1. Smith,
Z. A. Wu, J. W. LeDuc, Z. M. Zheng, J. M. Meegan, C. N. Wang, X. E.
Gul, K. W. Yuan, T. M. Zhang, and II.W l-e. 1988. Intravenous ribavirin
therapy of hemorrhagic fever with renal syndrome (IIFRS). Presented at the Sec-
ond International Conference on Antiviral Research, Williamsburg. VA. 1987.
Antiviral Res. 9:131.
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23. CrI) Identify arthropods and vertebrate2 associated with the miaintenance ane
transmi~ssion of medically important arboviruses to man and define ecologic and
environmtental factors influencing the ability of arthropods to transmit Viruses.
Information will allow for development of roethod3 for predicting relative risk of military
personnel to arbovirus Infections and for designing specific vector control strategies. A
literatu-e search has been done. DTIC search has been filed In the 1498 file.

24. (U) Ecologic and environmental factors relating to an arthropod's ability to
transmit viruses are studied under natuval and controlled environments.

25. (U) 8710-8809 We analyzed and evaluated data frcm the advanced very high resolution
radiometer (AVHRR) on the National Oceanic and Atmospheric Administration's (NOAA) polar-
orbiting meteorological satellites to determine the key ecolegical parameters leading to
and a3sociated with a Rift Valley rever (RVF) epidemic/epizootic In Senegal and
Mauritania, The data from the AVHRH on NOAA satellites are being used to monitor and
predict the potential for HVF viral activity In 15 regions In five countries in sub-
Saharan Africa. Breeding habitats of RVF vector species are being mapped In enzootic
areas in Kenya by analyzing compu ter -enhanced Images and data from the thematic mapper
instrument on Lp~ndsat satellites. A species of mosquito (Aedies towleri) associated withU
RVF enzootic regions in Senegal, .das tested in the latboratory and has been. shown to be a
competent vector of RVF virus. A species of mosquito (Aedes excruclans) found in areas In
Sweden associated with Ocksliho virus was found to be a competent vector of this virus.

DOl F0F"* 1498 EDITION OF MAR 68 IS OBSOLETE.
83 MAR

117



PROJECT NO. 3M162770A870: Risk Assessment. Prevention, z:z
Treatment of Infectious Diseaces

WORK UNIT NO. 870- AP-131: Exploratory Studies for Dev:,:opm .at o
Field Ecology Data on Art-,ovirases' of
Military Importance

PRINCIPAL INVESTIGATOR: K. J. Linthicum, MA., ?'h:.D.

ASSOCIATE INVESTIGATORS: T. M. Logan, CPT, Ph.D.
M. J. Turell, Ph.D.
S. W. Gordon, CPT

leading to and associated with a RVF
BACKGROUND epidemic/epizootic in Senegal and

Mauritania. The affects of human inter-
Previous research has found that vention in the area of the outbreak.

Rift Valley fever (RVF) virus previously unknown, have been doc-
epidemics/epizootics occur only during umented by remote sensing techniques.
periods of exceptionally heavy raiufall. Data from the AVHRR on NOAA
Field ecology studies have demonstrated satellites are also being used to monitor
that the link between rainfall and RVF and predict the potential for RVF viral
outbreaks are floodwater Aedes mos- activity in 15 regions in five countries in ,
quitoes which breed in discrete, well- sub-Saharan Africa. Breeding habitats
defined habitats known as dambos, and of RVF vector mosquitoes are being
serve as endemic/enzootic vectors of the mapped in enzootic areas in Kenya by
virus. Remote sensing technology has analyzing computer-enhanced images
been shown to be a useful tool for and data from the Thematic mapper in-
monitoring RVF viral activity in areas strument on Landsat satellites and the
where it is endemic. Attempts to de- high resolution instruments on SPOT
termine the vector competence of satellites. The feasibility of employing
arthropods that may be involved in the various types of remote sensing imagery
ecology of the disease have been limited to monitor other diseases ecologically
because of the unavailability in the linked to rainfall and other meteorologi-
laboratory of a sufficient number of cal parameters is being assessed in study
specimens. sites in Africa and South America.

Aedes fowleri, a mosquito asso-
SUMMARY ciated with ground pools in Senegal. has

been experimentally infected with RVF
Digital data and imagery from the virus and has been found to be a compe-

advanced very high resolution radio- tent vector of the virus. Aedes albopic-
meter (AVHRR) on board the National tus. a mosquito species rerentlv intro-
Oceonic and Atmospheric Adminis- duced into North and South America,
tration's (NOAA) polar-orbiting, meteor- has also been found to be a competent
ological satellites have been evaluated to vector of RVF in the laboratory. Phlebot-
determine the key ecological parameters onuis duboscqi, a sand fly found in RVF
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endemic areas in Africa. was shown to ulation (IC) and feeding. Rhipicephalus
be a competent vector of RVF virus after appendiculatus was feund to be an
both intrathoracic inoculation and oral incompetent vector. Hyalomma trunc-
exposure. This is the first demon- alum was found to be a competent vector
stration that a sand fly could be after intracoelomic inoculation. The
involved in the ecology of RVF transmis- virus also passed transstadially from
sion. Two African tick species, Rhipi- nymph to adult stage. This is the first
cephalus aJ)pendiculatus_ and tlyalomma rtport of infection, replication, and
truncatum were experimentally exposed transmission of RVF virus in any tick
to RVF virus by intracoelomic inoc- species.

PRESENTATIONS

Linthicum, K. J. 1988. Use of remote sensing to monitor the threat of vector-borne
diseases. Presented to 1988 U.S. Army Medical Entomology Training Course, San
Antonio, TX, February.

Linthicuin, K. J., C. L. Bailey, F. G. Davies, A. Kairo, and T. Logan. 1988.
Observations on the horizontal distribution of ground pool Aedes pupae within a flood
dambo in IKenya. Preseuted at the Annual Meeting of the American Mosquito Control
Association. Denver, CO, February.

Linthicum, K. J., C. L. Bailey, F. G. Davies, and C. J. Tucker. 1988. Use of
remote sensing to predict the threat of vector-borne diseases to military deployment.
Presented at the 1988 Army Science Conference, Fort Monroe, VA, June.

Linthicum, K. J., T. M. Logan, C. L. Bailey, D. NI. Watts, and D. I. Dohin. 1987.
Experimental infection of Dugbe virus (family Bunyaviridae. genus Nairovirus) in five

North American and one African ixodid ticks. Presented at the Annual Meeting of the
American Society for Tropic.al Medicine and Hygiene, Los Angeles, CA, November-
December.

Logan, T. M. 1983. ICirnean-Coz, go Hemorrhagic fever. 1988. Presented to 1988 U.S.
Army Entomolog-y Training Course, San Antonio, TX, February.

Tureli, M. J., C. L. Bailey, M. F. Faran, K. Lrnthicum, and L. Patrican. 1987.
Competence of selected African mosquito species for Rift Valley fever virus. Presented
at the Annual Meeting of the American Society of Tropic.:l Medicine and Hygiene in Los
Angeles, CA., November-December.
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PROJECT NO. P623 1050H29: Medical Protection Against Retrovirus

WORK UNIT NO. H129-AE-035: Advanced Studies for the Development
of Therapeutics Against Primate
Retroviruses

PRINCIPAL INVESTIGATOR: P. B. Jahrling, Ph.D.

BACKGROUND veloped models are potentially more
useful than the HIV chimpanzee

The importance of research model for testing immunization and
leading to the treatment and preven- therapeutic strategies.
tion of acquired immune deficiency
syndrome (AIDS) is universally ac- S LANUM RY
knowledged. The development of
realistic animal models for AIDS is A variant of SI" (SMMiPBj),
critical to this effort. We are in the isolated from a chronically infected
process of developing models in pri- pigtailed macaque at the Yerkes pri-
mates and plan to use these animals mate Research Center, was shown in
to test antiviral drugs, immunother- previous studies to produce acutely
apy regimens, and candidate vac- fatal disease in pigtail macaques.
cines. Preliminary to such testing, The present study extends investiga-
the models must be sufficiently well tion of SN./PBJ pathogenesis to rhe-
characterized with respect to quanti- sus monkeys. Six rhesus monkeys
tative measurements of virology, (three juveniles plus three adults)
immunology, clinical, and pathology were inoculated iv with supernatant
parameters to validate them as au- fluid contained three tissue culture
thentic models of human AIDS. The infectious doses (3 TCID50) from
development of staging criteria for human peripheral blood lymphocyte
disease progression, analogous to the (HPBL) cultures co-cultivated with
Walter Reed staging system (1) used spleen cells from the original pig-
to grade human immunodeficiency tailed macaque (PBj). All animals se-
viral (RIV-1) infections is an imme- roconverted, but only one rhesus (a
diate goal of our model development juvenile, *4EN) died acutely (day
research. Since the initial isolation 10). Homogenized tissues from 4EN
of an authentic lentivirus, now were passaged to additional monkeys
known as simian immunodeficiency in an attempt to increase lethality.
virus (SIV), from a rhesus macaque at Five of six juveniles receiving 100
the New England Primate Research TCDs5o of 4EN spleen or lymph node
Center, there has been a rapid ex- developed acute disease; four died
pansion of SlY isolates, model sys- (days 8 - 10). one recovered (after
terns, and data. Much of this is very hydration), and one remained
relevant to HIV infections in hu- asymptomatic, as did three of three
mans, and many of the recently dle- adults. Clinical disease was charac-

125



terized by diffuse, severe lym- concentrations of cytokines. The
phadenopathy with 5 days of inocu- role of soluble mediators in patho-
lation and severe diarrhea beginning genesis of SIV, and the possible ben-
10 to 3 days before death. eficial effects of cytokine antagonists
Anorexia,lymphopenia (1000/mm 3), in reduction of SIV disease are being
and mild hypoalbuminemia investigated.
preceded onset of diarrhea by 24 h, A second SIV strain (Ell-S),
while all other hematology and originally isolated from pigtailed
clinical chemistry parameters macaques, was also studied. This
remained within normal limits. SIV strain infects all rhesus and
Aerobic and anaerobic blood cul- cynomolgous macaques inoculated
tures were negative, and there was with 10,000 TCID50 of virus. Death
no evidence of opportunistic viral or occurred in 12 to 14 months, and all
bacterial agents in gastrointestinal or animals passed through stages of dis-
lymphoid tissues by light or electron ease progression analogous to human
microscopy, or in feces by culture, AIDS, although the time course was
ELISA. or electron microscopy. accelerated. A titration is being
Necropsy revealed two- to tenfold in- planned to determine the minimal
creases in all lymphoid tissues; most infectious and lethal doses of this vi-
severely affected were spleen, ral seed, prior to initiation of chal-
mesenteric lymph nodes, and gut-as- lenge studies for drug and vaccine
sociated lymphoid tissues. In the efficacy trials. In addition, two in-
gastrointestinal tract, there was se- fectious, molecular clones are now
vere multifocal to- patchy villus available for in-vivo primate testing.
blunting and fusion, with crypt by- For both PBj and EI1-S isolates,
perplasia in the small intestine, and standard virology and immunology
disorganization of mucosal epithelial assays have been adapted to measure
structure in the stomach and colon; critical events in the pathogenesis of
there was no evidence of ulceration. these infections. Likewise, im-
Viral burdens, as measured by munohistochemistry and in-situ by-
infectivity and p2 4 antigen in pe- bridization are being developed to
ripheral blood mononuclear cells, define critical target tissues with
serum, and tissues, are being corre- more precision.
lated with disease severity, as are
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PROJECT NO. 3M162770A871: Medical Defense Against
Biological Warfare

WORK UNIT NO. 871-AA-130: Exploratory Studies for the
Development of Medical
Defensive Countermeasures to
Toxins of Biological Origin

PR-INICIPAL INVESTIGATOR: A. M. Friedlander. COL. M.D.

ASSOCIATE INVESTIGATORS: J. L. Middlebrook, Ph.D.
H. B. Hines, Ph.D.
S. M. Naseem, Ph.D.
C. G. York. M.S.

A high-performance liquid
BACKGROUND chromatography (HtPLC) assay for

saxitoxin and neosaxitoxin has been
developed and used for their direct

Medical defense, in the form detection in urine at the 0.1 and 1
of of therapeutic drugs or vaccines to mg/ml range, respectively. The assay
protect against a potential biological has also been useful for determining
warfare agent. must be effective the stability of saxitoxin and other
when the agent is delivered by gonyautoxins under storage condi-
aerosol. Our investigations are de- tions. Additional studies of oxida-
signed to define the respiratory toxi- tion products of saxitoxin and uri-
city of potential agents, to identify nary metabolites of saxitoxin have
and characterize commercially avail. begun.
able equipment that will simplify Mass spectrometry and I-PLC
the conduct of such studies, to de- have been developed to detect breve-
velop new equipment when neces- toxins in the 0.1 to 5 mg/ml range,
sary, and to develop analytical respectr'vely. In-vitro metabolism of
chemistry methodologies for poten- brevetoxin by rat hepatocytes has
tial toxin threats. been observed and is being investi-

gated.
Continuing studies have

SUMMARY demunstrated that certain low
molecular weight toxins (T2, saxi-
toxin, and microcystin) affect regula-

Gas chromatography-mass tion of arachidonic acid metabolism
spectrometry (GC-MS) methods for and inflammation in alveolar
analysis of mycotoxins in urine have macrophages and hepatocytes.
now been developed with detection The present mobile aerosol
limits in the I ng/ml range. chamber has been tested and demon-

strated to show minimal leakage
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from the nose-only exposure system designs of a gastight mobile exposure
into the contained environment of cabicet have been submitted.
the Hazelton cabinet. Preliminary

PRESENTATIONS

Naseem, S. M., H. B. flines, D. A. Creasla, and K. A. Merelsh. 1988. Com-
parative effects of toxins on arachidonic acid release and metabolism in cultured
rat hepatocytes and alveolar macrophages. Presented at the Annua! Nleeting of
the Federation of American Societies for Experimental Biology and Medicine,
Las Vegas, Nevada, May.

Hines, It. B., M. A. Poll, and J. G. Pace. 1987. The characterization of
brevetoxin PbTx3 hepatic metabolitcs. Presented at the Annual Meeting of the
Federation of Analytical Chemistry and Spectroscopy Societies. Detroit. Mich.-
gan, October.

PUBLICATIONS

Poll, M.A., C. B. Templeton, J. G. Pace, and IH. B. Illnes. 1988. Investiga-
tions of the brevetoxins. In Proceedings of the American Chemical Society Sym-
posia (In Press).
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24. (U) Longitudinal epidemiological studies correlate clinical manifestations with
seroconversions and Identify sites for in-depth ecological studies to recover viral
strains from reservoirs. Ecological and genetic factors relating to vector and reservoir
competence are studied under controlled conditions.

25. (U) 8710-8809 In laboratory studies we demonstrated that, In Pichinde virus-
infected animals, capillary permeability to albumin was inhibited to such an extent that
effective tissue perPfsion with nutrients became questionable for maintaining life. A
project was started to study unique biochemical changes In plasma from Pichinde virus-
Infected animals to determine criteria for early and rapid diagnosis of arenaviral
Infection in man. For the first time In laboratory studies, a sandfly (Phlebotomus
duboscql) was shown to be a competent vector of Rift Valley fever (RVF). Egyptian and
Senegalese strains of RVF virus were fcund to form reassortants with the S and M segments
of RNA In mosquitoes. Mosquito inoculation with certain toxins was found to be an
efficient bioassay system. In laboratory studies Aedes alboplctus mosquitoes were found
to be a competent vector for RVF virus. For the first time In laboratory studies,
Venezuelan equine encephalitis virus was shown to replicate in a tick, and te transmitted
vertically to subsequent stages, and horizontally to a vertebrate host during feeding.

Do FORM 1498 EDITION OF MAR 6 IS OBSOLETE.
03 MAR

131



PROJECT NO. 3M162770A871: Medical Defense Against
Biological Warfare

WORK UNIT NO. 871-AB-150: Exploratory Studies for the
Development of Medical
Defensive Countermeasures to
Infectious Agents of Biological
Origin

PRINCIPAL INVESTIGATOR: K. J. Linthicum, MM, Ph.D.

ASSOCIATE INVESTIGATORS: M. . Turell, Ph.D.
C. T. Liu, Ph.D.
T. M. Logan, CPT. Ph.D.
S. W. Gordon. CPT

BACKGROU•ND mechanism involved in the disease
processes and developing therapeutic

A number of highly patho- measures to intervene in hereor-
genic viruses, with invertebrate and rhagic fever.
vertebrate vectors, are known to be
potential threats to United States
military personnel in endemic areas. SUMMARY
Many of these viruses cause severe
human disease, mainly hemorrhagic For the first time in labora-
fevers, which include Rift Valley tory studies, a sand fly (Phlebotomri
fever (RVF), Crimean-Congo Hemor- &Uboscqi) was shown to be a compe-
rhagic fever (CCITF), and Dugbe. In tent vector of RVF alter both oral ex-
most cases, little is known about the posure and intrathoracic inoculation,
epidemiology and life cycles of these Also,for the first time, in laboratory
viruses or about the pathogenesis, a tick (ilyalomma trunctt,.tn) was
therapy, or immunoprophylaxis of shown to be a competent vector of
the viral diseases. The main empha- RVF after intracoelumic inoculation.
sis of this work unit is to evaluate In laboratory syudies, we
the natural threat and impact of this demoastrated that in Pichinde virus-
group of highly pathogenic viruses by infected strain 13 guinea pigs, capil-
accurately establishing the incidence lary permeability to albumin and al-
and distribution of apparent and un- bumin returning to the circulation
apparent infections and determining were inhibited to such an extent that
epidemiological, ecological, and effective tissue perfusion witii nutri-
agent-related factors influencing en- ents became questionable for ni.in-
demic viral activity; and to alter the taining life. A project was started lo
highly pathogenic nature of these study unique biochemical changes in
agents by defining the pathogenic plasma from Piciinie virus-infected
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animals to determine criteria for In the laboratory we demon-
early and rapid diagnosis of arenavi- strated that environmental tempera-
ral infection in man. ture significantly affected the ability

Two Aedes mosquito species, of Aedes mosquitoes to transmit Ock-
Ae. fowleri and Ae. albopictus, were elbo virus. In field studies we
found to be competent vectors of RVF showed, for the first time, that ducks
virus after oral exposure. The stage and geese are naturally infected with
of Anopheles albimanus at the time of Ockelbo virus and that,4e. excrucians
infection with RVF virus was found is a competent vector of this virus.
to be critical for this mosquito's abil-
ity to transmit this virus.

MGLJ Studies of Arbovirus Infection.
Dissemination. and Transmission in
Vectors

PRINCIPAL INVESTIGATOR: K. J. Linthicum, NLM, Ph.D.

ASSOCIATE NVESTIGATOR: T. M. Logan, CPT, Ph.D.
S. W. Gordon, CPT

AND

MGLM Experimental Transmission of CCHRF Virus by Ticks

PRINCIPM, ]INVESTIGATOR: T. M. Logan, CPT, Ph.D.

ASSOCIATE ,INVESTIGATOR: K. J. Linthicum, MK , Ph.D.
S. W. Gordon, CPT

Laboratory studies have oculation. For the first time in a tick

demonstrated that several species of species, Venezuelan equine en-
Hyalomma ticks are competent vec- cephalomyelitis virus has been
tors of CCHF virus after intra- shown to replicate in and be trans-
coelomic (IC) inoculation of the virus. mitted by Amblyomma cajennense, a
Transstadial and h3rizontal trans- principally neotropical species.
mission of CCIIF virus has been The role that particular
found to occur in orally exposed H1. species of ticks piay in the ecology of
truncatum and H. impeltatum. Dugbe CCHF virus in nature is determined,
virus replicated in and was transmit- in part, by specific aspects of their
ted by several African and North life cycle. Only a few of the 29
American species of ticks after IC in species of ticks from which CCHF
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virus has been isolated in nature involved in the enzootic cycle of
have had their life cycles studied in RVF) given a blood meal and ana-
depth. The life cycle of II. impelta- lyzed immunocytochemically at dif-
turn has been documented in the lab- ferent times post-blood meal, the
oratory by closely following speci- RVF mosquito tissue tropisms in Ae.
mens from the egg to the adult stage. riwintoshi appear to be similar to
The life cycle required an average of those found in Culex ptoiens. How-
108 days to complete and statistics ever, the dynamics of tissue infec-
measured include weight and size, tion in the African species appear to
pre-feeding periods, feediag and pre- be different. Specimens intratho-
molt intervals, and oviposition and racically inoculated with RVF virus,
incubation parameters. allowed to go through at least two cy-

Hyalomnrna truncatum ticks cles of blood-feeding/oviposition,
were found to be competent veutors and then prepared for immunocyto-
of RVF virus after IC inoculation, chemical examination revealed four
The virus passed trausstadially from instances of single RVF antigen-posi-
the nymph to the adult stage. This tive eggs in different individuals.
was in contrast to Rhýpicephalus ap- indicating that Ae. mcintoshi eggs can
pendiculatus, which was shown to be become infected with virus.
an incompetent vector.

Based on a study of field-col-
lected adult Ae. mrcinoshi (a mosquito

MGLC Pathophysiolngy of Arenavirus Disease

PRINCIPAL ]INVESTIGATOR: C. T. Liu, Ph.D.

We demonstrated that over-all come questionable for maintaining

capillary permeahility to albumin life.
was not significantly increased in Techniques were developed
Pichinde virus-infected strain 13 for exercising strain 13 guinea pigs
guinea pigs. Despite development of on a treadmill. Long-term daily ex-
pulmonary edema in infected ani- ercise decreased the animal growth

mals, the definite absence of sys- and metabolic rates without marked
temic edema post infection further changes in rectal and bcdy surface
supports this conclusion, temperatures. Monitoring effects of

Studies were designed and exercise on Pichinde virus-infected
performed to study the transport of strain 13 guinea pigs served as a
labeled albumin in a reversed direc- model for studying pathogenesis of
tion compared to capillary leakage arenavirus-induced hemorrhagic
from the circulation to the intersti- fevers under stress conditions.
tium. Results suggest that in An assay system for measur-
Pichinde-infected animals, effective ing tissue Na-K-Mg-H ATPase was
tissue perfusion with nutrients he developed to ascertain the locus of

135 Li



action producing death in arenaviral potent leukotriene antagonist for
infection. A separate study was ini- treating Pichinde virus-infected
tiated to find unique biochemical guinea pigs was injected into animals
plasma changes in Pichinde virus-in- to determine their tolerance for the
fected guinea pigs and ultimately to antagonist. Although the animals'
establish specific criteria for early growth rates were inhibited, they
and rapid diagnosis of arenaviral in- appeared active and gained body
fection in man. weight above pre-injection level.

A buffered, polyethylene gly-
col solvent mixture for dissolving a

MGLK Factors Affecting Vector Competence of Mosquitoes
for Rift Valley Fever Virus

PRINCIPAL INVESTIGATOR: M. J. Turell, Ph.D.

Aedes fowleri, a mosquito as- low mosquito inoculation to replacesociated with ground pools in Senegal mouse inoculation for selected stud-
and other places in West Africa, was ies.
shown to be a competent vector for We demonstrated, for the
RVF virus. Aedes albopictus, the first time, that Jhlebotorrmus duboscqi
"tiger mosquito" recently introduced is a competent vector of RVF virus.
into North and South America, was These results are in contrast to the
also shown to be a competent vector failure of a neotropical species to
of RVF virus, transmit RVF after oral exposure in

In laboratory studies, using a laboratory studies.
precisely controlled environmental We found that the stage of
chamber. we showed that environ- Anopheles olbimanus at the time of
mental temperature significantly af- infection with RVF virus is critical to
fected the ability of several Aedes this mosquito's ability to transmit
species to transmit Ockelbo virus. In this virus. Mosquitoes infected as
field studies in Sweden. we demon- larvae were efficient transmitters of
strated. for the first time, that ducks RVF virus, while those infected as
and geese are naturally infected with adults were unable to transmit virus.
Ockel•o virus and that Ae. excrucians The abiiity of an E.vptian and
and Ae. cinereus are competent vec- a Senegalese strain of IIVF virus to
tors of this virus, form reassortants with S and M seg-

We determined that inocula- ments of RNA in Culex pipens
tion of mosquitoes is an efficient mosquitoes was demonstrated.
bioassav system for certain classes of These mosquitoes then transmitted
toxius an(i antitoxins. This may al the reazsortants, as well as the

parental types, to hamsters by bite.
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PROJECT NO. 3M1t,2770A871: Medical Defense Against Biological
Warfare

WORK UNIT NO. 871-AD-131: Exploratory Vaccine Development
Studies on Conventional Agents of
Potential BW Threat

PRINCIPAL iNVESTiGATOR: P. B. Jahrling, Ph.D.

ASSOCIATE INVESTIGATORS: A. 0. Anderson, COL, M.D.
M. H. Crumrine, LTC, Ph.D.
A. M. Friedlander, COL, M.D.
R. H. Kenyon, Ph.D.

BACKGROUND well documented. An understanding
of the protective immune mecha-
nisms, especially mucosal and .ellu-

Basic studies on the patho- lar immune responses responsible
physiology and immunology of con- for recovery and protection against
ventional agents of potential biologi- acute disease, are prerequisite for
cal warfare threat are essential to the the development of effective vac-
systematic development of protective cines and therapeutic measures, and
vaccines. Among the arenaviruses, are the focal points for this research.
four are significant human
pathogens. Lassa virus causes se- SUMMARY
vere, often fatal Lassa fever in tens
of thousands of patients in West Cross-protective relationships
Africa annually. Junin and Machupo among newly isolated, Lassa-like
viruses are associated with the Ar- viruses, including LClV strains in
gentine and Bolivian hemorrhagic monkeys and guinea pigs, revealed
fevers, respectively, and have the immunological enhancement with
documented potential to cause devas- certain combinations, and may im-
tating outbreaks in South America. pact of the design of Lassa viral vac-
Lymphocytic choriomeningitis virus cines. Aerosol infectivity studies of
(LCMV) is distributed world-wide Junin virus established parameters
and has caused significant morbidity for testing vaccine efficacy against
in human populations naturally ex- aerosol challenge. Congo-Crimean
posed to aerosols from infected ani- hemorrhagic fever (CCIIF) animal
mals. All these viruses are highly model development was expanded to
infectious via the aerosol route and include SCID (severe, combined im-
have the demonstrated potential to munodeficiency) mice. In anthrax
cause explosive outbreaks under ar- studies, protective antigen (PA) was
tificial conditions. The aerosol po- tested in combination with the adju-
tentials for anthrax and Q-fever vant "Tri-mix" as a prototype vaccine
(caused by CoxieUa burnetii) are also in guinea pigs; complete protection
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against Bacillus anthracis spores and and conferred partial protection
ELISA titers > 20,000 was elicited, against aerosol challenge. The ge-
Differentiation and sporogenesis of netic basis for anaphylaxis due to
cell variants of C. burnetii were formalin-inactivated RVFV vaccine
shown to be regulated by host cell in mice was also studied. Venezue-
factors; avirulent strains were more Ian equine encephalomyelitis (VEE)
susceptible to non-immunological, virus was shown to bind directly to
host microbicidal factors and the oligodendrogliocytes. resulting in di-
distribution of C. burnetti variants rect invasion of olfactory bulbs, thus
within infected cells also correlated circumventing passive immunization
with virulence. An attenuated Rift and incomplete immunization by
Valley fever viral (RVFV) strain (T- formalin-inactivated VEE vaccine.
1) immunized mice exposed orally

MGLD Characteristics of Virulent and Attenuated Junin Virus
Infections

PRILNCIPAL LNVESTIGATOR: R. H. Kenyon, Ph.D.

We have developed a tech- these monkeys, but no y-interferon
nique to estimate the numbers of was detected
lymphocytes recognizing Junin viral Studies continued for the
antigen in the blood of human vacci- search to find an animal model for
nees. By limiting-dilution analysis, CCHF. We investigated the patho-
we estimated the frequency of Junin genesis of CCJIF virus in suckling
antigen-recognizing cells to be from 1 mice inoculated i.p. All mice died by
in 6,000 to 1 in 30,000 by the end day 7 post inoculation; virus was de-
of the second month post vaccination. tected, by plaque formation and
TLe numbers of these cells began to immunofluorescence techniques,
decline after the second month post predominantly in liver throughout
vaccination. We detected between 1 the infection, and in the brain late in
in 12,000 to 1 in 75,000 cells in the infection. The most commonly
few individuals we monitored after observed lesions in liver tissue
1 yr post vaccination. An individual sections were necrosis of hepatocytes
with clinical Argentine hemorrhagic and extramedullary humatopoietic
fever 30 years ago showed a fre- tissue throughout the infection, and
quency of i reactive cell in 40,000. vasculitis and meningoencephalitis

We infected rhesus monkeys of brain and meninges late in
with Junin virus by an aerosol route. infection. Adult SCID mice were
The disease pattern was similar to also infected with CCtF virus and
that seen when monkeys were in- 20% died from the infection. Virus
fected peripherally. there were was found predominantly in liver,
very high levels of .- interferon in lungs, brain, and adrenals beginning

on day 13. Viral titers increased
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until death of the mice on days 24 to with CCHF virus. About half the
35, or until resolution of the monkeys became viremic only on
infection. We also infected rhesus, days 3 to 5, but none showed signs of
African green, and patas monkeys illness.

MGDA Exploratory Research for the Protection Against Anthrax

PRINCIPAL INVESTIGATOR: M. H. Crumrine, LTC, Ph.D.

ASSOCIATE INVESTIGATORS: J. W. Ezzell, Ph.D.
B. K Ivins, Ph.D.

Enzyme-linked immunosorbent strains of B. anthracis with no cross
assays have been developed for reactions with other Bacillus species.
detection of antibody to purified "Tri-mix" is a new immunological
Yersinia pestis F1 antigen and a sur- adjuvant from Ribi Immunochem Re-
face carbohydrate antigen of Fran- search, and consists of monophos-
cisella tudarensis in sera from patients phoryl lipid A, trehalose dimycolate,
and vaccinees. Monoclonal antibod- and the cell wall skeleton of B. glo-
ies to the B. anthracis polysaccha- bigiU (BCG) tubercle bacillus. The
ride, which are highly specfic for new adjuvant was tested with PA as a
anthrax vegetative cells, were pro- prototype vaccine in guinea pigs. A
duced as ascites fluid (approximately single injection of the mixture pro-
200 ml) and conjugated to fluores- vided complete protection 10 weeks
cein and horseradish peroxidase. later to a challenge of 7,000 B. an-
The monoclonal antibodies have thracis Ames spores and elicited
proven to be valuable in identifying anti-PA ELISA titers averaging '

20,000.

MGBI Coxiella burnetii Genetic and Cellular Aspects

PRINCIPAL INVESTIGATOR: A. M. Friedlander, COL. Ph.D.

ASSOCIATE INVESTIGATORS: J. C. Williams, Ph.D.
T. McCaul, Ph.D.

Differentiation and sporogen- ferent cell lines with virulent and
esis of cell variants of the obligate avirulent strains of C. burneiii. In
intracellular, bacterial parasite, C. continuous cultures, avirulent
burrteii, are thought to be regulated strains were eventually eliminated,
by host cell factors. To study this while virulent strains persisted in-
phenomenon, we infected 14 dif- definitely. This may indicate that
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the avirulent strain is more readily in specific intracellular phagolyso-
affected by non-immunological host somes, as reported by others, but
microbicidal factors. These prelimi- also in the cytosol proper. These ini-
nary experiments also revealed that tial observations also showed that
all cell variants, including en- the C. burnetii cell variants differed
dospores, are present in cultured in their location within the infected
cells. In companion experiments we cell and in their eventual disposition.
studied the factors controlling persis- Improved understanding of the de-
tence and chronicity of in-vivo in- terminants of cell variation of C.
fections. Electron microscopy re- burnetii will help in the development
vealed that organisms in infected of improved vaccines.
mouse spleen cells reside, not only

MGBA Mucosal Immunity: Response to Aerosol Challenge with Toxins,
Microbes, and other Biological Agents; Immunomodulators and
Mucosal Immunity

PRhNGCIPAL LN",ESTIGATOR: A. 0. Anderson, COL, M.D.

ASSOCIATE INVESTIGATORS: M. T. Vahey, Ph.D.
M. L. M. Pitt, Ph.D.

Oral infectivity of RVFV in exposed to 105 PFU per ml of T-1 af-
AIJ mice was studied. This virus is ter aerosol challenge with 10 LDso of
hepatotropic, neurotropic and is both ZH-501. These data suggest that
arthropod- and aerosol-tranrismissi- there is a potential for developing an
ble. Our previous studies with for- oral RVFV vaccine.
malin-inactivated RVFV established Recombinant DNA technology
that both peripheral and mucosal was used to analyze the genetic basis
immunity are required for complete of immunoglobulin isotype (IgE vs
protection, especially after aerosol IgA) commitment in a mouse model
exposure. In current studies, we of anaphylactic allergy to formalin-
have been testing the feasibility of inactivated Rift Valley fever vaccine.
developing a live-attenuated oral All C3HIIIej mice primed i.p. with
vaccine for Rift Valley fever. Both RVFV vaccine (NDBR-103) died upon
wild-type (ZH-501) and attenuated secondary exposure to the vaccine,
(T-1) RVFV strains were stable in while C3H/1eJ, Balb/cByJ, BD/Fl,
water up to 3 days. Mice ingesting and Swiss-Webster mice were resis-
water containing graded doses of 711- tant. Total RNA was isolated from
501 had dose-related mortality, the lung, large intestine, spleen, pe-
Mice exposed to T-1 in water did not ripheral lymph nodes, mesenteric
become ill. Compared to unvacci- lymph nodes, and mediastinal lymph
nated controls, taere was a prolongcd nodes of five mouse strains, includ-
mean time-to-death in inice orally ing C3/1013J, C311/OuJ, Balb/cByJ,
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BD/F1, and Swiss-Webster. Slot In frozen sections of mouse
blots and Northern gel blots were brain, VEE virus binds specifically to
run on the RNA samples. Prelimi- the oligodendrogliocytes that sheath
nary interpretation of the results in- extra- and intracerebral nerve tracts
dicate that RVFV vaccination in- associated with cranial nerves 1 and
creased e-chain expression in the 2, and communicating fibers of the
lungs of C3H/HeJ mice but not pyramidal system. Live, Trinidad-
C3H/OuJ; and there was a reciprocal donkey-strain VEE aerosols produced
relationship between a-chain mRNA direct infection of the olfactory
and e-chain mRNA expression in all bulbs a brain by neural transmission
tissues of these strains, in non-immune and passively immu-

Multiuse probes for in-situ nized mice. A 17-Kd polypeptide
detection of dengue 2 viral genomic from normal mouse brain ho-
products and of RVFV genomic and mogenate has been shown to bind
replicative products have been de- specifically to labeled VEE in West-
veloped. Both vector systems have ern blots, this binding could be
been characterized for incorporation blocked by pretreating the ho-
of either radioisotope or biotin mogenate with unlabeled VEE.
analogs. Analyses of cultured-cell
extracts show cross hybridization to
these probes.
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BACKGROUND

A number of low molecular major metabolites were 3'OH HT-2 and
weight toxins are potential biological T-2 tetraol. In guine: pigs exposed to
warfare agents. In order to develop a [3 H] -T-2 toxin by the aerosol route,
med.cal defease against these toxins, it 93% of the radiolabel was metabolized
is ncces.;ury to study their toxicity, and excreted in the urine and feces.
pathophysiology, and pharmacokinet- The major urinary metabolites were T-
ics. This information will be used to 2 tetraol, a more -polar unknown, and
develop rational therapies and means glucuronide conjugates. In the urine of
of detection. Our earlier studies were monkeys exposed i.v. to sublethal doses
done on a component of "yellow rain," of T-2 mycotoxin, metabolites of this
i.e., the trichothecene mycotoxins. toxin were detected by immunoassays
Work on these toxins is being phased and mass spectral analysis. Again, 3'01I
down and the technology developed is HT-2 and T-2 tetraol were the major
being used. to study other small-size metabolites. In contrast to the T-2
toxins that are also potential biological toxin, in-vivo distribution and
defense warfare agents. These include metabolism studies of 13H)-verrucarin
the marine toxins (saxitoxin, A and verrucarol in guinea pigs showed
tetrodotoxia, and brevetoxin), blue- that 51 and 46%, respectively, of the
green algal toxins (microcystia and ana- total radiolabel was excreted in the
toxin. a), and coral toxins (palytoxin). urine and feces by day 9. This suggests

a slow rate of metabolism and excre-
SUb!1MARY tien of the macrocyclic trichothecenes,

which may explain the higher toxicity
Monkeys were injected i.v. with of some of these compounds.

[3H1-T-2 mycotoxin, most of the At low doses in the monkey, T.2
radioactivity appeared in the urine and mycotoxin caused emesis and marked
feces at the end of 5 days. In urine, the reduction in food intake. In-vitro T-2

had multiple effects on cell membrane
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mechanisms. In-vivo rat studies indi- These effects were not observed when
cated that T-2 and T-2 tetraol were microcystin was added to isolated
equally effective in inhibiting protein mitochondrial preparations or hepato-
synthesis and acute toxicity. This is in cytes. This toxin, when added to hepa-
contrast to in-vitro data which suggest tocytes, did cause a disruption of the
that T-2 mycotoxin is 1000 times more attachment matrix, followed by loss of
potent than tetraol in inhibiting protein cytoplasmic enzymes, but not mem-
synthesis. These data all emphasize the brane-associated enzymes. This effect
multi-organs effects of T-2 toxin and was blocked by cholic acid, suggesting
its metabolites. They also raise the bile acids may protect. Microcystin
question as to whether inhibition of inhibited the uptake of cholic and tau-
protein synthesis is the major mecha- rocholic acids, which suggests that these
nism of action of this group of toxins, acids share the same transport sites.

The brevetoxins produced some When applied to the skin in dimethyl-
severe cardiorespiratory alterations as sulfoxide, microcystin was not ab-
well as some centrally mediated ef- sorbed as rapidly as T-2 mycotoxin.
fects. About 55% of this toxin was ex- The results of the in-vivo skin toxicity
tracted during in-vitro liver perfusion of microcystin agree with the in-vitro
studies. This suggests a lower rate of absorption rates.
hepatic metabolism which would leave Saxitoxin and tetrodotoxin were
more toxin available for effects on absorbed through the skin at much
other peripheral and central tissues. slower rates than T-2 mycotoxin.
Brevetoxin was poorly absorbed Brevetoxin, saxitoxin, tetrodotoxin,
through skin. and microcystin were all inactivated by

Intravenous injection of micro- a 30-min exposure to 0.1% sodium
cystin resulted in marked liver lesions. hypochlorite. This is a 50-fold lower
These ultrastructural changes corre- concentration than that required to in-
lated with biochemical changes, such as activate T-2 mycotoxin. Tetrodotoxin
increased serum-liver specific en- was inactivated by high and low pils,
zymes, decreased P:O ratios and desta- while microcystin was relatively stable.
bilization of desmosomal proteins.
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When [3H1-T-2 mycotoxin was urine and feces by day 5. At a dose
injected i.v. into monkeys, 95% of of 14 gtg of T-2 per kg, two out of six
the radioactivity appeared in the monkeys developed emesis. and all
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reduced their food intake by 50%. occurred rapidly, within 10 min of
At doses of 0.32 and 0.5 mg/kg, T-2 exposurie to T-2.
mycotoxin produced emesis and A new class of macrocyclic tri-
decreases in food intake but had chothecene mycotoxins (myrotoxin
little effect on plhelet function. T-2 B) was found to be 100 times more
metabolites were detected in the toxic than T-2 mycotoxin in the
urine of the latter two groups of mouse bioassay, and 20 times more
moakey: by immunoassay and mass potent as a skin irritant. Thus, myro-
spectrum analysis. Sensitivity but toxin B appears to have the highest
not specificity appeared to be toxicity of the trichothecene myco-
equivalent for the two techniques. toxins evaluated to date.

Previous work with T-2 myco- Infusion of brevetoxin (PbTx-
toxin aerosol showed that inhalation 2) into the conscious rat resulted in a
of T-2 was at least 10 times more dose-related decrease in respiratory
toxic than T-2 administered i.v. to rate, core and peripheral tempera-
the rat and mouse. tures, and heart rate but had no ef-
This work has now been extended to fect on arterial blood pressure or
the guinea pig in which inhalation of blood gases An antibody against
T-2 aerosol was found to be twice as PbTx-2 offered some protection
toxic than T-2 given intravenously, against the respiratory effects of this
Rats exposed to T-2 toxin via aerosol toxin.
or i.v. challenge did develop Saxitoxin, tetrodotoxin, and
metabolic acidosi3 but had normal microcystin were absorbed at a much
blood pCO2 and elevated p0 2. T-2 slower rate through the skin in the
metabolites can produce significant presence of dimethylsulf oxide
hemoglobin abnormalities, which, in (DMSO) than was T-2 mycotoxin.
part, may be the reason for the Brevetoxin was poorly (less than 1%)
marked elevation in p0 2 seen during absorbed through the skin in the
toxemia. presence of DMSO.

A 5-min pre-exposure of L-6 All of the newer toxins were inacti-
cells to T-2 mycotoxin (0.04 ng/ml) vated by 1% sodium hypochlorite.
resulted in a significant reduction in Tetrodotoxin was rapidly inactivated
protein synthesis and decreased up- at high or low pH, while microcystin
take of glucose and calcium. A con- was relatively stable.
crentration of 4 ng of T-2 toxin per ml A number of computer pro-
was required to cause a loss of cellu- grams have been adapted for use
lar LDH. Thus, we concluded that T- with various analytical instruments
2 mycotoxin had multiple effects on and personal computers. They will
cel membrane transport and, at high be valuable tools in literature sur-
concentrations, impaired cellular veys, data acquisition and storage,
membrane integrity. These effects visual aid production, and data anal-

ysis.
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T-2 toxin had no effect on In-vitro liver perfusion stud-
liver, heart, or blood adenine nu- ies showed that brevetoxin (PbTx-3)
cleotide concentrations. In-vivo rat was extracted (E=0.55) by liver, me-
studies showed that T-2, tetraol, and tabolized to five polar unknowns,
several protein synthesis inhibitors and eliminated via bile. In-vitro and
caused rapid and prolonged in-vivo clearance rates were in good
inhibition of protein synthesis, agreement, suggesting the perfusion
leading to death. model can be used to predict phar-

In-vivo distribution and macokinctic parameters for PbTx-3.
metabolism studies of radiolabeled Microcystin, added to at-
verrucarin A and verrucarol in tached hepatocytes, caused a rapid
guinea pigs showed that 51 and 4.6%, disruption of the attachment matrix,
respectively, of the total radiolabel followed by loss of cytoplasmic en-
was excreted in urine and feces by zymes, but not membrane-associated
day 9. Three urinary unknown enzymes. This effect was blocked by
metabolites were isolated and are cholic acid, suggesting bile acids may
being identified by mass spectrome- protect. Microcystin inhibited the up-
try. take of cholic and taurocholic acids,

Fate and distribution of T-2 which is consistent with the hypothe-
toxin, given by aerosol, was studied sis that the toxin and bile acids share
in guinea pigs. The total deposition of the same transport system. Micro-
T-2 was 27 ÷ 4%. By 14 days, 92.9% cystin had no apparent effect on a
of the radiolabel was metabolized number of other established tissue
and excreted in the urine and feces. culture cell lines.
The major urinary metabolites were In-vitro microcystin had no
T-2 tetraol, a more-polar unknown, effect on mitochondrial swelling or
and glucuronide conjugates. respiration, which suggests that the

Fate and distribution of T-2 toxin is not an ionophore. In-vivo rat
in the primate model showed the studies showed microcystin caused
toxin was metabolized and climi- liver enlargement, cloudy swelling of
nated mainly as 3-OH T-2 and mitochondria and rough endoplasmic
tetraol. We have determined the reticulum, endoplasmic reticular
pharmacokinetic parameters. whorls, and loss of desmosomes.

In-vitro, de-epoxy T-2 and These ultrastructural changes cor-
tetraol were one to two logs less toxic related with biochemical changes,
than the parent compounds in the such as increased serum liver-spe-
protein synthesis inhibition assay. cific enzymes, decreased P:O rations,

and destabilization of desmosomal
proteins.
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No additional studies have been for the treatment of botulinum
done on the effects of treatment with a intoxication. The earlier work has
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alkaloids have in-vivo activity against Japanese encephalitis virus. An active compound
undergoing advanced development, AVS-206, was shown to be approximately 5 times less toxic
than ribavirin in rhesus monkeys.
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BACKGROUND pacity to concentrate in specific or-
gans. This approach also involves

This research program has fo- coupling of antivirals to carriers,
cused on the discovery and develop- which will promote the site-specific
ment of agerts or procedures that delivery of the drug. We are also
will be effective against a broad studying the molecular basis of drug
range of "exotic" RNA viruses. The action to identify potential targets
program maintains an extensive an- for drug interactions, as well as for
tiviral drug screening effort. The assessing the potential for toxicity
larger number of compounds evalu-
ated are obtained through no-cost
technical exchange agreements with SULIMARY
the private sector, while others are
synthesized based on known leads. Seven hundred and twenty
Initial testing consists of in vitro as- compounds were tested for in-vitro
says against a battery of RNA viruses activity against Rift Valley fever
as well as rodent models. Viruses in virus (RVFV). Twenty-three corn-
the Institute-based screen include pounds showed antiviral activity (in-
dengue, Rift Valley fever, Crimean- vitro therapeutic indices of 5 or
Congo, and Venezuelan equine en- more). Active compounds are under-
cephalomyelitis. Animal models in- going further development, including
dude two retroviruses in support of additional in-vitro and in-vivo eval-
the InstituLe'3 AIDS program. uation in mouse models. Ten com-

Other approaches being evalu- pounds were tested in vivo against
ated are the targeting of antiviral RVFV or Venezuelan equine en-
agents to specific tissue sites. This cephalomyelitis viral infections of
approach involves the synthesis of mice. One compound showed activity
compounds that have an inherent ca against RVFV. Two previously iden-
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tified active compounds (ribavirin mice, inducing 100% survival within
and AVS 79) were synergistic in a relatively narrow dose range. To
their in-vivo activity against RVFV. our knowledge, these are the first
The antiviral program against dengue compounds to exhibit such high effi-
viral infections has continued with cacy in vivo. They are equally as ef-
the evaluation of 370 new corn- fective when administered to Punta
pounds. Eleven of these were identi- Toro virus-infected mice. In the lat-
fied that had activity against dengue ter case, effects were comparable to,
1, 2, and/or 4. or better than, ribavirin.

Fourteen compounds have Ten, hitherto unre-
been tested in vivo against Rauscher ported/unsynthesized analogues of
leukemia virus and five compounds the known antiviral compounds, tia-
against the LP-BM5 mouse AIDS zofurin, selenazofurin, and ribavirin
virus in support of the Institute's amidine, were synthesized, purified,
AIDS Drug Development Program. characterized, and submitted for an-
Five active antivirals have been tiviral testing. Several of these ana-
identified as well as three active logues contain the amino acids
immunomodulators. AZT and MVE-2 glycine, arginine, or glutamine as
were additive in their effect when substituents of the amidine or car-
given in combination. In addition, boxamide moieties of the parent
much background work on the patho- compounds.
genesis of these two diseases has A series of ribavirin and tia-
been accomplished. For example, af- zofurin analogues were prepared and
ter 12 weeks in the mouse AIDS tested in which the ribofuranosyl
model, the natural killer cell activity moiety was replaced by assorted de-
was depressed and could not be oxyribofuranose sugars. Antiviral
stimulated with poly 1CLC (an effec- activity, as compared to the parent
tive stimulator of normal spleen compounds, was lost.
cells). Several analogues of 4,.acetyl-

Several analogues of the an- 4-phenylpiperidine (AVS 999) were
tivirally active Amaryllidaceae alka- prepared, purified, and submitted
loids, narciclasine and lycoricidine, for testing in an attempt to follow up
were synthesized (or obtained from on the HIV activity of the parent
naturally occurring precursors), compound.
characterized, and submitted for The antiviral compound 1-B-D-
testing. One of these, isonarciclasine, ribofuranosyl)-1,2,4-triazole.3-car-
produced the highest therapeutic in- boxamidine (AVS #206) was corn-
dices yet observed in this series. Ef- pared to ribavirin in terms of its ef-
ficacy against bunya- and fla- fects on hematological parameters in
viviruses was retained, while toxic- adult rhesus monkeys. A ribavirin
ity in cell culture was decreased by a regimen of 60 mg/kg on day 0, fol-
factor of several hundred. Narcicla- lowed by 20 mgdi/kg-l/day-1 for 10
sine and pancratistatin, two natu- days caused a marked decrease in
rally occurring members of this class hematocrit, hemoglobin, and red
of alkaloids, were effective in blood cell counts, as well as an in-
Japanese encephalitis virus-infected crease in platelet and reticulocyte
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counts. Under identical conditions ribavirin, the compound AVS-206
and with the same regimen, AVS was capable of causing anemia, ele-
U206 caused no measurable decrease vating platelet counts, and increasing
in red blood cell parameters; no reticulocyte counts. AVS-206 was
other deleterious effects were ob- approximately five times less ery-
served. throtoxic than ribavirin for adult

Further eý:perirnents were rhesus monkeys. In addition, the
conducted to titrate AVS-206 in anemia, reticulocytosis, and increase
adult rhesus monkeys. Doses of AVS- in the number of platelets seen with
206 ranging from 60 mg/k-g to 400 the highest doses appear to be
mg/kg on day 0 and 30 mg/kg, to 200 slightly delayed when compared to

mg/kg-lday~l for 10 days were in- those seen with ribavirin.
oculated into groups of adult rhesus
monkeys. Data revealed that, like
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BAfCKGROUND SUMMARY

Recent technological ad- We continued to improve the
vancements have made nucleic acid sensitivity of the nucleic acid hy-
hybridization an attractive alternate bridization assay by testing clinical
method for detecting viruses and specimens from infected humans or
other pathogens in clinical and eiavi- animals. We found that the most re-
ronmental samples. We used a producible method for preparing
cloned sequence complementary to serum samples was to pretreat them
the M segments RNA of Rift Valley with polyethylene glycol, and to re-
fever (RVF) virus to develop such an suspend and digest the collected pre-
assay, and have compared its useful- cipitate in a proteinase K solution.
ness to cturent procedures for detect- This method was validated with
ing and identifying pathogens. Un- serum collected from experimentally
der well-controlled laboratory coudi- infected monkeys and was found to
tions, we can routinely detect 0.5 x be sensitive and specific, with virus
104 PFU of RVF virus replicated in isolation as a criterion.
cell culture; however, when the pro- An epidemic of RVF occurred
cedure is applied to clinical speci- in October 1987 in Mauritania and
mens from infected humans or ani- Senegal in West Africa which pro-
mals, the sensitivity of the assay is vided a unique opportunity for us to
significantly less. We suspect that test our hybridization assay on a
the loss of sensitivity is due to non- large collection of authentic human
specific adsorptioa of cellular pro- serum samples, allowing a realistic
teins and aucleic acids that compete evaluation of the diagnostic potentiil
with target viral RNA for limited of this technique as compared to
binding sites. We have made standard virological isolation proce-

progress in previous years in modify- dures and our antigen-capture ini-
ing our procedures to alleviate tbese munoassays. The RVF virus [32p1.
problems, but we have yet to reach nucleic acid probes successfully de-
our goals for assay sensitivity. tected viral RNA directly in the sera

of patients infected during the epi-
demic. This procedure was less sen-
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sitive than either direct virus isola- cally, means of adapting polymerase
tion or antigen detection by the im- chain reaction techniques to RNA
munoassay; however, a significant viruses are being sought. Further ap-
number of specimens were positive plication of engineered viral poly-
by the hybridization assay. These peptides from novel expression
results indicate that nucleic acid hy- systems are being pursued in collab-
bridization assays are of value as oration with other scientists at US-
rapid diagnostic procedures for AMRmD and through extramural ar-
agents of biological warfare poten- rangements. Antigens produced in
tial. this manner have, so far, offered

Non-isotope methods of label- safe and efficient sources of nonin-
ing nucleic acid probes continue to be fectious, diagnostic materials for
investigated, but signal-to-noise ratio current and emerging assay systems.
and sensitivity remain obstacles. Further experience is still needed to
Emerging nucleic acid amplification gauge the potential for wide applica-
strategies are being explored; specifi- tion.
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PO-84-PP-4861 The Role of Plasmids and Bacteriophages in
Toxigenicity of Ciostridium botulirnum and
characterization of converting bacteriophages. M. W.
Eklund, U.S. Department of Commerce, Seattle, WA.

DAMD-17-85-C-5221 Diagnosis and Management of Trichothecene
Toxicosis in the Swine Model. W. B. Back, University
of Illinois, Urbana, IL

DAMD-17-85-C-5241 Pathophysiology and Toxicokinetic Studies ef Blue-
green Algae Intoxication in the Swine Model. V.
Beasley, University of Illinois, Urbana, IL.

DAMD-17-85-C-5167 Use of Recombinant DNA Techniquc5 for the
Production of a More Effective Anthrax Vaccine. D. L.
Robertson, Brigham Young University, Provo, UT.

DAMD-17-85-C-5212 Genetic and Physiological Studies of Bacil/us
anthracis Related to Development of an Improved
Vaccine. C. B. Thorne, University of Massachusetts,
A-mhearst, MA

DAMD-17-85-C-5226 Rift Valley Fever Virus: Molecular Biologic Studies of
the N! Segment RNA for AppLication in Disease
Prevention. M. Collett, Molecular Genetics,
Minnetonka, MN.

DAMD-17-85-C-5283 Functional Consequences of Chemical Modificatioa of
the Saxitoxin Binding Site on Neuronal Sodium
Channels. B. K. Krueger, University of Maryland,
Baltimore, MD.
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DAMD-17-85-C-5171 Characterization of the P. brevis Polyether Neurotoxin
Binding Component in Excitable Membranes. D. G.
Baden, University of Miami, Coral Gables, FL.

DAMD-17-85-C-5204 Metabolism, Mass Spectral Analysis aad Mode of
Action of Trichothecene Mycotoxins. C. J. Mirocha,
University of Minnesota, St. Paul, MN.

DAMD-17-85-C-5232 Genetically-engineered Poxviruses and the
Construction of Live Recombinant Vaccines. E.
Paoletti, New York Department of Health and Health
Research, Albany, NY.

DAMD-17-85-C-5276 Development of Systems for Delivery of Antiviral
Drugs, W. Shannon, Southern Research Institute,
Birmingham, AL.

DAMD-17-85-G-5285 Therapeutic Approaches to the Treatment of Botulism.
L. L. Simpson, Jefferson Medical College,
"Philadelphia, PA.

DAMD-17-86-C-6044 Enhancement of Antiviral Agent- Through the Use of
Controlled Release Technology. T. R. Tice, Southern
Research Institute, Birmingham, AL

DAMD-17-85-C-5266 Human Hybridomas for Exotic Antigens. M. Cohn,
The Salk Institute for Biological Studies, La Jolla,
CA.

• 1DAMD-17-85-C-5274 Chemical Synthesis Coxiella burnetii
Lipopolysaccharides: Structural Characterization,
Chemical Synthesis and Immunogen. V. N. Rleinhold,
Harvard School of Public Health, Boston, MA.

DAMD 17-85-C-5280 Mechanism of Action of Tetanus Toxin. M.
Klempner, New England Medical Center Hospitals,
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DAMD-17-86-C-6041 Synthesist of Nucleoside Analogues with Potential
Antiviral Activity against Negative Strand RNA Virus
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DAMD-17-86-C-6002 Synthesis of Nucleoside Mono- and Dialdehydes as
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Technology, Rochester, NY.

190
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Biological origin. L. L. Simpson, Jefferson Medical
College, Philadelphia, PA.

DAMD-17-86-C-6055 Cloning Sequencing and Structiral Manipulation of
the Enterotoxin D and E Genss from Staphylococcus
aureus. J. J. landola, Kansas State University,
Manhattan, KS.

MIPR 86-MDI-6502 Rapid Screening and Structural CharL.zterization of
Biological Toxins. M. Ross, Naval Research
Laboratory, Washington, D. C.
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Southern Research Institute, Birmingham, AL.

DAMD-17-86-G-6002 Double Blind, Placed Controlled Clinical Trial of
Rihavirin Therapeutic Efficacy in the Treatment of
Epidemic hemorrhagic Fever. C-M. Hsiang. Hubei
Medical College, Wuhan, Peoples' Republic of China.

DAMiD-17-86-C-6118 Biology of Immurtomodulators. J. D. Gangemi.
University of South Carolina, Columbia, SC.
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"DAMD-17-86-C-6154 Evaluation of immune Response Modifying
Compounds Utilizing Virus-Specific Human T
Lymphocyte Clones. M. Cohn, Georgetown
University, Washington, D. C.

DAMD-17-86-C-6117 Efficacy and Mode of Action of Immune Response
Modifying Compounds against Alphaviruses and
Flaviviruses. P. S. Morahan, Pennsylvania College of
Medicine, Philadelphia, PA.

DAMD-17-86-C-6121 Screening of Immunoenhancing Drugs with Antiviral
Activity against Members of the Arena-, Alpha-, and
Adenoviridae. P. A. LeBlanc, University of Alabama,
Birmingham, AL.

DAMD-17-86-C-6166 Effects of Immunomodulatory Drugs on T
Lymphocyte Activation and Function. C. Tsoukas,
Scripps Clinic and Research Foundation, La Jolla, CA.

DAMD-17-86-C-6056 Mechanisms of Action of Clostridial Neurotoxins on
Dissociated Mouse Spinal Cord Neurons in Cell
Culture. G. Bergey, University of Maryland at
Baltimore, MD.
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Zavortink. University of San Francisco, San
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DAMD-17-86-C-6060 Synthesis and Testing of Tetrodotoxin and
B&-trachotoxin Antagonists. L. Toll, SRI International,
Menlo Park, CA.

DAMD-17-86-C-6062 Receptor B-nding and Membrane Transport of
Botulinumi Toxins. J. R. Dankert, University of
Central Florida, Gainesville, FL.

DAMD-17-86-C-6057 Development and Testing of an In Vitro Assay for
Screening of Potential, Therapeutic Agents Active
Against Sodium Channel Neurotoxins. G. B. Brown,
University of Alabama, Birmingham, AL.
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DAMD-17-86-C-6058 Mass-Screening of Curarimimetic Neurotoxin
Antagonists. J. Schmidt, State University of New
York, Albany, NY.

DAMD-17-86-C-6160 Mechanism of the Presynaptic Neurotoxin Tetanus
Toxin. T. B. Rogers, The University of Maryland,
Baltimore, MD.

DAMD-17-86-C-6063 Structure-Function Relationship of Hydrophyiidae
Postsynaptic Neurotoxins. A. Tu, Colorado State
Uniersity, Fort Collins, CO.

DAMD-17-86-C-6120 Development of Methods for Carrier-Mediated
Targeted Delivery of Antiviral Compounds Using
Monoclonal Antibodies. M. I. Dawson, SRI
International, Menlo Park, CA.

DAMD-17-86.C-6013 Research in Drug Development Against Viral Diseases
of Military Impor-tance (Biological Testing). W.
Shannon, Southern Research Institute, Birmingham,
AL.

DAMD-17-86-C-6119 Combination Chemotherapy Using Immune
Modulators and Antiviral Drugs Against Togaviruses
and Bunyaviruses. S. Baron, Medical Branch,
University of Texas, Galveston, TX.

DAMD-17-86-C-6028 Determination of the In Vitro and In Vivo Activity of
Compounds Tested Against Punta Toro Virus. R. 0.Sidwell, Utah State University, Logan, UT.

DAMD-17-86-C-6107 Research in Drug Development for Therapeutic
Treatment of Neurotoxin Poisoning: Studies of
Conotoxins. R. Almquist, SRI International, Menlo
Park, CJ,.

DAMD-17-87-C-7007 The Mechanism of Action of Ribavirin on Bunyavirus
Infected Cells. J. L. Patterson. Children's Hospital
Corporatioc, Cincinatti, OH.

DANID)-17-86-C-6042 Drug De"-elopment Against Viral Disease (Biological
Testing). G. Tignor. Yake University, New Haven,
CT.
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PO-86-PP-68 11 Dermorphin as a Behavioral and Autonomic
Modulator. G. Feuerstein, Uniformed Services
University of the Health Sciences, Bethesda, MD.

PO-86-PP-6813 The Regulation of a Post-Transltional Peptide
Acetyltransferase: Strategies for Selectively
Modifying the Biological Activity of Neural and
Endocrine Peptides. W. R. Millington, Uniformed
Services University of the Health Sciences, Bethesda,
MD.

PO-86-PP-6814 Regulatory Peptides: Behavioral and Neurochemical
Effects. A. H. Barrett, Uniformed Services University
of the Health Sciences, Bethesda, MD.

DAMD-17-87-C-7069 Diagnosis and Prevention of Infection by Phlebotomus
Fever group Viruses. D. H. L. Bishop, Natural
Environmental Research Council, Swindon, U.K.

DAMD-17-86-C-6001 Rare 2-Substituted Purine Chemistry. V. Nair,
University of Iowa, Iowa City, IA

DAMD-17-86-C-6239 Research, Development, and Delivery of Second
Generation Fiber Fluorescent Immunoassay
Instruments. T. R. Glass, ORD, Cambridge, MA.

DAM]D-17-86-G-6016 Epidemiology and Epizootiological Investigations of
Hemorrhagic Fever Viruses in India. P. M. Tukei,
Virus Research Center (K~tII), Nairobi, Kenya.

"DAMD-!7-86-G-6032 Epidemiological and Epizootiological Investigation of
Filoviruses in the Central African Republic. A. J.
Georges, Pasteur Institute, Paris, France.

DAMD-17-86-C-6133 Studies of Infection and Dissemination of Rift Valley
Fever Virus in Mosquitoes. W. S. Romoser, Ohio
University, Athens, OH.

DAMD-17-86-C-6173 Immunological Techniques for Detection of Fungal
and Dinoflagellate Toxins. F. S. Chu, University of
Wisconsin, Madison, WI.

DAMD-17-86-C-6234 Synthetic Vaccines for the Control of Arenavirus
Infections. M. Buchmeier, Scripps Clinic and
Research Foundation, La Jolla, CA.
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DAMD-17-87-C-7090 Active Antitoxic Immunization Against Ricin Using
Synthetic Peptides. A. K. Judd, SRI International,
Menlo Park, CA.

DAMD-17-87-C-7007 In Vitro and In Vivo Measurement of Percutaneous
"Penetration of Low Molecular Weight Toxins of
Mi litary Interest. B. W. Kemppainen, Auburn

University, Al.

DAMD-17-87-C-7111 Interferon Inducers Against Infectious Diseases. J.
Bello. Roswell Park Memorial Institute,Buffalo, NY.

DAMID-17-87-C-7101 Epidemiology of Hantavirus Infectious in Baltimore.
I. E. Childs, Johns Hopkins University, Baltimore,
MD.

DAMID-17-87-C-7140 Potential Vaccine for Anthrax. R. Doyle, University
of Louisville, Louisville, KY.

DAMID-17-87-C-7005 Immunologic Approach to the Identification of
Vaccines to Various Toxins. T. Chanh. Southwest
Foundation for Biomedical Research. San Antonio,
TX.

DAMD-17-87-C-7114 Development of a Toxic Knowledge System. H. L.
Trammel, Uni-iersity of Illinois, Urbana-Cbampain,,

DAMID- 17-87-C-70 19 Freshwater Cyanobacteria (Blue-Green) Toxins:
Isolation and Characte-.ization. W. Carmichael,
Wright State University School of Medicine, Dayton, i•::

OH

DAMD-17-87-C-7002 Dinoflagellate Toxins Responsible for Ciguatera Food
Poisoning. D. M. Miller, Southern Illinois University,
Carbondale, IL.

DAMb-17-87-C-7014 Productiiu of Ants--_. nd Antibodies for Rapid
Diagnosis of Arbovirus Diseases. R. E Shope, Yale
University, New Haven, CT.

DAMID-17-87-C-7001 Binding Assays for the Quantitative Detection of P.
br•vis Polyether Neurotoxins in Biologfcal Samples
and Antibodies as Therapeutic Aids. D. G. Badcn.
University of Miami, Miami, FL.
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DAMD-17-87-C-7155 Mode of Action of Membrane Perturbing Agents:
Snake Venom Cardiotoxins and Phospholipases A. J.
Fletcher, Hahnemann University, Philadelphia, PA.

DAMD-17-87-C-7210 Marine Biotoxins: Laboratory Culture and Molecular
Structure. P. J. Scheuer, University of Hawaii at
Manoa, Honolulu, HI.

PO-87-PP-7809 Marine Toxins: Automatic Toxicology and
Therapeutic Strategies. G. Feuerstein, Uniformed
Services University of the Health Sciences, Bethesda,
MD.

DAMD-17-87-C-7093 Toxin Production and In-munoassay Development. I.
Palytoxin. D. C. Vann, Hawaii Biotechnology Group,
Inc., Aiea, HI.

DAMD-17-87-C-7154 Expression of Yellow Fever Antigens and Infectious
Virus from Cloned cDNA. C. Rice, Washington
University School of Medicine, St. Louis, MO.

DAMD-17-87-C-7137 Peptide Transport Through the Blood-Brain Barrier.
W. M Partridge, Regents of the University of
California, Los Angeles, CA.

DAMD-17-87-G-7003 Ecology and Epidemiology of Crimean-Congo
Hemorrhagic Fever Virus Transmission in the
Republic of Senegal. J. P. Digoutte, Institute Pasteur
de Dakar, Senegal.

DAND-17-87-C-7051 Tetrodotoxin Immunoassays. P. Grothaus, Hawaii
Biotechnology Group. Inc., Aiea, HI

DAMD-17-87-C-7123 Research Pathology and Special Techniques Support
Services. W. C. Hall, Pathology Associates, inc.,
Ijamsville, MD.

PO-87-PP-7852 The 3-D Structures of some Diarrhea-Causing
Bacterial Toxins. M. Sax, Veterans Administration,
Iowa City, IA.

DAMD-17-87-C-7110 Determinants of Ine.-ftivity of Pathogens in Vector
Ticks. A. Spielman, Harvard University, Boston. MA.
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PO-87-PP-7853 Microvascular Physiologic and Anatomic Responses of
the Guinea Pig to~xeriruenta1 Arenavirus Infection.
M. Katz, Veterans Administration. Iowa City,. IA.

DAMP-i 7-87-G-70 19 Seroepidemiological Survey for Congo-Crimean.
Hemorrhagic Fever and Hantaan Virus. A.
Antoniades, Aristotelian University of Thessaloniki,
Thessaloniki,, Greece.

PO-87-PP-7825 Immunoassay Procedures for Fiber Optic Sensors. F.
S. Ligler, Naval Research laboratory, Washington, D.
C.

DAMI)-17-8C-7094 Site-Specific Antagonists. C. -Y. Kao, Research
Foundation of SUINY, New York.

DAMD-17-87-C-7257 Mechanisms of Action of Low Molecular Weight
Toxins in the Cardiovascular System. W. T. Woods,
University of Alabama, Birmingbam, AL

DAMiD-17-87-C-7233 T Cell Responses to Arenavirus Infections. G. A.
Cole, University of Maryland, College Park, MD.

DAMID-17-87-C-7 188 Neurotoxin and Epitope Structural Studies. D. S.
Hunt, University of Virginia, Charlottesville, VA.

DAMD-17-87-C-7259 Molecular Strategy for the Construction of a
Genetically Engineered Vaccine for Venezuelan
Equine Encephalitis ViruE. R. L Johnston, Raleigh,
NC.

DAMD-17-87-C-7 135 Genetic Engineering of Clostridbum diff'icie T~oxin A
Vaccine. S. Mtildrow, Spielman College, Atlanta, GA.

DAMD-17-87-C-7176 Diagnosis and Prevention of Infection by
Nairoviruses. P. A. Nutall, Natural Environment
Research Council, London, England.

DANID-17-87-C-0004 Molecular Character~zation of Attenuated Junin Virus
Variants. V. Romanowski, Universidad Nacional de la
Plata, La Plata, Argentina.

DAMDh1 7-87-G-7005 World Reference Center for Aiboviruses. R. E. Shope,
Yale University, New Haven, (71.
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PO-87-PP-7829 Development and Evaluation of Supercritical Fluid
Chromatography (SFC) and SFS-Mass Spectrometry
for Analysis of Trichothecenes, Marine Toxins and
Neurotoxins. R. D. Smith, U. S. Department of
Energy, Richland, WA.

PO-87-PP-7858 Development and Evaluation of Immunomodulators of
Hematopoietic and Immunologic Mechanisms. G. G.
Tsoukos, Uniformed Services University of the Health
Sciences, Bethesda, MD.

PO-87-PP-7857 Collaborative Research Program on Seafood Toxins:
II. S. W. Page, U. S. Food and Drug Administration,
Washington, D.C.

PO-88-PP-8804 IgG Subclass and Isotope Specific Immunoglobulin
Responses to Lassa Fever and Venezuelan Equine
Encephalomyelitis: Natural Infection and
Immunization. R. J. M. Engler, Uniformed Services
University of Health Sciences, Bethesda, MID

PO-88-PP-8815 Antiviral Drugs: Molecular Modeling and QSAR. K.
B. Ward, Naval Research Laboratory, Washington,
DC.

PO-88-PP-8819 Protein Toxins: Preparation, Analysis and Molecular
Modeling. K. B. Ward, Naval Research Laboratory,
Washington, DC.

PO-88-PP-8820 Small Molecular Toxins: Crystallization, X-:ay
Analysis and Modeling. K. B. Ward, Naval Research
Laboratory, Washington, DC.

PO-88-PP-8835 1988 U.S. Army Summer Faculty Research and
Engineering Program - USAMIRIID. G. G. Outterson.
Scientific Services Program, Batelle, Research
Triangle Park, NC.

PO-88-PP-8837 Investigation of Toxins and ¶Tenoms by Novel MS
Techniques. T. Krishnamurthy, Chemical Research
and Development Center, Aberdeen Proving Groend,
MD.
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PO-88-PP-8854 Relating Remotely Sensed Satellite Imagery to
Ecologically Linke-d Disease Outbreaks in Africa and
South America. C. J. Tucker, Laboratory for '
Terrestrial Physics - Code 623, Natiornal Aeronautics
and Space AdniinistrationlGoddard Space Flight
Center, Greenbelt, M'ID.

PO-88-PP-9902 Animal Vaccine Trials: VEE and RVF Viruses, R. G.
Breeze, Plum Island Animal Disease Centaer,
Greenport, NY.

PO-88-14-7002 Detection and Mapping of Rift Valley Fever (RY'F)
Disease Vector Habitats in Kenya, Africa and Along
the Senegal River. V. G. Ambrosia, TGS Technology,
Inc., National Aeronautics and Space
Adminiistration/Ames Researc.h Center.

DAMfl-17-88-C-8008 Novel Treatments for Botulism: Development of
Antagonists for identified Steps in the Action of
Botulinum Neurotoxins. J. 0. Dolly, Imperial College
of Science Technology, United Kingdom.

DAMD-17-88-C-8011 Synthesis and Biological Evaluation of Brain-specific *

Anti-RNA Viral Agents. M. Brewster, Phar-matec, Inc.,
Alachua, FL.

DAMD-17-88-C-8 199 Optical Assays for Microbial Infections. D. M. Maul,
Biostar Medical Products, Inc., Boulder, CO.

DAMD-17-88-C-8037 Molecular Biological Approaches to Disease
Prevention and Diagnosis. M. M. Sveda, Bionetics
Research, Inc., Rockville, MND.

DAMiD-17-88-C-8095 Stereosptcific Total Synthesis of Iladiolabeled
Mficrocystin. C. Jennings-White, SRI Internatioaal,
Menlo Park, CA.

DAMIED-17-88-C-8 133 Coxiela bw-netii Vaccine Development -

Lipopolysaccha ride St.i-uctural Analysis. V. N.
Reinhold, H"arvard College, Holyoke Center,
Cambridge, MA.

DAMD-17-88-C-8 149 Antigen acid Geriome Dete-ction of Arena-, lBuuya-,
and Filovirus Infections. A. Bennett Jenson,,
G~eorgetown University, Washiirgton, D.C.
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DAMD-17-88-H-8004 Immunological Studies of Anti-AIDS Drugs in
ARC/AIDS. E. M. Hersh, University of Arizona,
Tucson, AZ.

DAMD-17-88-Z-8018 Calcium Channels (NYAS-Conference). New York
Academy of Science, New York, NY.

DAMD-17-88-Z-8029 Gordon Conferences on Microbial Pathogenesis. P. P.
Sparling, University of Rhode Island, Kingston, RI.

DAMD-17-88-H-8002 QSAR Chemical Database and Information Science.
E. Stephen, Technassociates, Inc., Rockville, MD.

DAMD-17-88-H-8003 Evaluation of Candidate Anti-AIDS Drugs in Vitro.
W. M. Shannon, Southern Research Institute,
Birmingham, AL.

DAMD-17-88-C-8200 Enzyme Immunoassay for Anatoxin-A. R. A. Amos,
Bio-Metric Systems, inc., Eden Prairie, MN.

DAMD-17-(38-C-8148 Characterization of P. brevis Polyether Neurotoxin
Binding Component in Excitable Membranes. D. G.
Baden, University of Miami, Miami, FL,

DAMD-17-88-C-8198 Algal Toxins: Production, Detection and Therapy. J.
A. Benson, Neushul Mariculture, Inc.

DAMD-17-88-Z-8024 Investigation of Crimean-Congo Hemorrhagic Fever
and Hemorrhagic Fever with Renal Syndrome. A.
Antoniadis, Aristotelian University of Thessaloniki,
Thessaloaiki, Greece.

DAMD-17-80-C-9007 Rattlesnake Neurotoxin Structure, Mechanism of
Action, Immunology and Molecular Biology. I. I.
Kaiser, University of Wyoming, Laramie, WY.

DAMD-17-89-Z-8019 FASEB Conference: Trichothecene, Blue-Green
Algal and Marine Toxins: Mechanisms, Detection and
Therapy. A. E. Rogers, Federation of American
Societies of Experimental Biology, Bethesda, MD.

DAMD-17-89-Z-8031 9th World Congress on Animal, Plant and Microbial
Toxins. C. L Ownby, Oklahoma Stateý University,
Stillwater, OK.
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DAMD-17-89-Z-9002 Regulation of Potassium Transport Across Biological
Membranes: A Symposium. L. Reuss, University of
Texas, Galveston, TX.

DAMD-17-88-Z-9009 Investigations of Hemorrhagic Fever with Renal
Syndrome (HFRS) in Yugoslavia. A. Gligic, Institute
of Immunology and Virology, Vojvode Stepe,
Yugoslavia.

DAMD-17-89-Z-9010 Study of Nephropathia Epidemica in Sweden. B.
Niklasson, National Bacteriological Laboratory,
Stockholm, Sweden.

DAMD--17-89-Z-9019 Structure -Functino Relationship of HydrophiJidae
Postsynaptic Neurotoxins. A. T. Tu, Colorado State
University. Fort Collins, CO.

PO-89-PP-3904 SAR and CIR Analysis of Possible Rift Valley Fever
Virus Breeding Sites in Kenya. P. Sebesta, National
Aeronautics and Space Administration, Moffett Field,
CA.
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Anderson, Q. W., Jr., and C. J. Peters. 1987. Variation in virulence for rats
"~ \among Rift Valley fever virus strains of different geographical crigin. Presented

at the Annual Meeting of the American Society for Tropical Medicine and
Hygeine, Los Angeles, CA, November-December.

Anderson, G. W., Jr., and J. F. Smith. 1987. Rift Valley fever virus (R'VTV)
maturation at the plasma membrane of rat hepatocytes as revealed by
immunoelectron microscopy. Presented at the Annual Meeting of the American
Society for Tropical Medicine and Hygeine, Los Angeles, CA, November-
December.

Anderson, G. W., Jr., M. V. Slayter, and C. J. Peters. 1988. Pathogenesis
of a phheboviral infection (Punta Toro virus) in golden Syrian hamsters.
Presented at the Annual Meeting of the American Society for Virology, Austin,
TX, June.

Anderson, G. W., Jr., J. F. Smith, and C. J. Peters. 1988. A model to
evaluate vaccines, anti-viral drugs, and innate mechanisms of resistance to Rift
Valley fever virus (RVFV). Presented at the Army Science Conference,
Westpoint, NY, June.

Arikawa, J., and '". Schmaljohn. 1987. Functional characterization of
Hantaan virus antigenic determinants on the envelope glycoproteins defined by
monoclonal antibodies. Presented at the Annual Meeting of the American
Society for Tropical Medicine and Hygeine, Los Angeles, CA, November-
December.

ArIkawa, J., and C. Schmaljohn. 1988. Functional characterization of
antigenic sites on the G1 and G2 glycoproteins of Hantaan virus and their
conservation among Hantaviruses. Presented at the 7th Annual Meeting of the
American Society for Virology, Austin. TX, June.
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Barerra Oro, J. G., R. H. Kenyon, J. Meegan, K. McKee, C. MacDonald, F.
Cole, H. W. Lupton, and C. J. Peters. 1987. The immune response to Candid 1 (C
#1) live, attenuated Junin virus (JV) vaccine against Argentine hemorrhagic fever.
Presented at the Aanual Meeting of the American Society for Tropical Medicine
and Hygeine, Los Angeles, CA, November-December.

Barrera Oro, J. G., 1I. W. Lupton, P. B. Jahrling, J. Meegan, R. 11.
Kenyon, and C. J. Peters. 1988. Cross-protection against Machupo virus with
Candid #1 live-attenuated Junin virus vaccine. 1. The post vaccination
prechallenge immune response. Presented at the 2nd International Conference
on the Impact of Viral Diseases on the Development of Latin American Countries
and the Caribbean Region, Mar del Plata, Argentina, March.

Bartkus, J. NI., and S. 1i. Leppla. 1988. Trausciptional regulation of anthrax
toxin production. Presented at the 88th Annual Meeting of the American Society
for Microbiology, Miami Beach, FL, May.

Battles, J., and J. IN. Dalrymple, 1987. Nucleic acid sequence changes
associated with r,-iuced mouse virulence in monoclonal antibody escape mutants
of Rift Valley fever virus. Presented at the Annual Meetirg of the American
Society for Tropical Medicine and Hygeine, Los Angeles, CA, November-
December.

Bhatnagar, R., and A. M. Frledlander. 1988. Calcium is required for
anthrax lethal toxin activity. Presented at the Annual Meeting of the American
Society for Microbiology, Miami Beach, FLA, May.

Bhatnagar, R., Y. Slngh, S. H. Leppla. and A. h. Frledlander. 1988.
Calcium influx induced in cells by anthrax lethal toxin enbances inositol
triphosphate formation. Presented at the International Conference on
Biomembranes in Health and Disease, Lucknow, India

Chen, S.-Y., I. A. Thompson, and J. C. Williams. 1988. Cloning and
characterization of the Coxiella burnet'i origin of DNA replication.Presented at the
Annual Meeting of the American Society of Rickettsiology and Rickettsial
Diseases, Santa Fe, NM, April.

Chirigos, NI. A. 1988. Maleic anhvdride divinyl ether copolyrner (MVE-2): the
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GLOSSARY

AcNPV Autographica californica nuclear polyhedrosis virus

AIDS Acquired immune deficiency syndrome

AHF Argentine hemorrhagic fever virus

AVHRR Advanced very high resolution radiometer

BARD United States-Israel Bi-National Agricultural
Research and Development Fund

BCG Bacillus globigii

BW Biological warfare

CCHF Crimean-Congo hemorrhagic fever virus

cDNA Complementary DNA

CHIK Chikungunya virus

CHO Chinese hamster ovary cells

04E Chloroform-methanol extract

aIR Chloroform-methanol-extracted residue

DMSO Dimethylsulfoxide

DNA Deoxyribonucleic acid

EF Edema factor

ELISA Enzyme-linked immunosorbent assay

FDA Food and Drug Administration

G1. G2 G!ycoproteins

GC-MS Gas chroma tography-mass spectroscopy

1TtRS Hemorrhagic fever with renal syndrome
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HIV Human immunodeficiency virus

HT-2 HydroxyT-2 toxin

HPBL Human peripheral blood lymphocytes

HPLC High-pressure liquid chromatography

IC Intracoelomic

WFA Indirect fluorescent antibody

IgG Immunoglobulin G

4gM Immunoglobulin M

IND Investigational New Drug

I1 Interleukin

ISC Immune suppressive complex

i.p. Intraperitoneal

i.v. Intravenous

Kb Kilobase

Kd Kilodalton

KHF Korean hemorrhagic fever

LCV Large cell variant

LCMV Lymphocytic choriomeningitis virus

LD5o Median lethal dose

LF Lethal factor

LPS Lipopolysaccharides

LT Lymphocyte transformation

MAB Monoclonal antibodies
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mRNA Messenger RNA

NAP Neutrophil activating protein

NC Nucleocapsid protein

NCI National Cancer Institute

NIH National Institutes of Health

NMiR Nuclear magnetic resonance

NOAA National Oceanic and Atmospheric Administration

P2, P3 Biological containment levels 2 and 3

PA Protective antigen

PbTx-2 and 3 Brevetoxins 2 and 3

PFU Plaque-forming unit

PHA Phytohemagglutinin

PLA2 Phospholipase 2

PRN Plaque-reduction neutralization

QAE QAE chromatography

RIA Radioimmunoassay

RNA Ribonucleic acid

RSV Respiratory syncytial virus

RVF Rift Valley fever

RVFV Rift Valley fever virus

SCID Severe-combined immunodeficient mouse

SCV Small cell variant

SI Simian immunodeficiency virus
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TCF Lymphocyte chemotactic factor

TCID5O Median tissue culture infectious due

VEE Venezuelan equine encephalomyelitis virus

WCI Whole cells, phase I
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